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PREFACE 

TO THE SIXTH 8TERE0TYPB REVISION. 



The author has the satisfaction of being again called 
upon by the publishers for another revision of his Nat- 
ural Philosophy, this being the sixth time it has been 
Btereotyped. ' 

In this revision, in order to make room for new mat- 
ter, some parts of the old, have been omitted, while 
others have been abridged, so that the book has not 
been enlarged, nor is the matter so changed as to make 
it unfit for use in classes with the former edition. 

As before, *the author has availed himself of the 
additions and improvements made by Professor Lees of 
"the Naval and Military Academy of Edinburgh," and 
of those of Professor Hoblyn, Lecturer in " The Insti- 
tute of Medicines and Arts," London, these gentlemen 
having each done him the honor to associate their 
names with his, in two several editions of this work. 

The new matter incorporated in this edition, embraces 
a great variety of subjects, it having been the object x)f 
the author, to include all the most important discoveries 
and improvements in the arts, coming within the 
scope of his book, which have been made since the 
last edition^ 

Besides those of lesser note, the following are thought 
of sufficient importance to attract the attention of the 
teacher and student, who are desirous of keeping up 
with the improvements of the times in the acquirement 
of philosophical knowledge. The subjects and illustra- 
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tions of this list have not been embraced in any former 
edition of this work. 

Dick's Anti-Friction Press ; The First Vacuum ; Cen- 
trifugal Pump; Balloon and Parachute ; Pump and Fire 
Engine; Spheroidal Theory of Steam Boiler Explo- 
sions; Distillation; Twilight; Compound Microscope; 
Hydro-Electricity ; Gasometer and Meter ; Rotation of 
the Earth. 

The following subjects, here added, are illustrated 
with new drawings — ^Attraction of Gravity; Elasticity; 
Action and Re-action; Center of Gravity; Inclined 
Plane; Hydrostatic Press; Barker's Mill; The Con- 
denser ; Barometer ; Fire Engine ; Expansion and Cir- 
culation by Heat ; Thermometer ; Force of Steam ; Re- 
flection by Mirrors; Acoustics; Counter Currents of 
Air; Vision; Astronomy; Electricity; Magnetism. 
More than seventy new cuts have been added, and the 
whole work, the author hopes, has been made more 
acceptable to the public than heretofore. 

And finally, perhaps, the author may add, that such 
has been the indulgence of the public, that more than 
seven hundred thousand copies of this bookhavebeen 
sold in this country, besides those published in England, 
Scotland, and Prussia. 

,# J. L. C. 

Hartford, Ct., March, 1856. 



NOTICE BY THE PUBLISHERS. 



The publishers of Dr. Oomstock's Natural Philosophy 
will not withhold from the public an expression of the 
gratification they feel as Americans, at the manner in 
which the work has been received and appreciated in 
Europe. 

It has been twice edited and republished in the 
Queen's dominions. First in Scotland, the editor being 
Prof. Lees, " of the Naval and Military Academy, and 
Lecturer on Natural Philosophy, Edinburgh." 

In his Preface the editor says : " Among the many 
works on Natural Philosophy which have made their 
appearance of late years, we certainly have not met with 
one uniting in a greater degree the two grand requisites 
of precision and simplicity, than the work of Br. Com- 
stock. * * * * The principles of the science are 
stated with singular clearness, and illustrated by the 
most apt, and interesting examples, * * * * The 
development of the various branches is effected by the 
help of well-designed diagrams, and these by no means 
sparingly introduced. PublisJied by Scott, Webster & 
Geary, London, 

During the last year the Philosophy was again edited 
by Prof. Hoblyn of Oxford, now "Lecturer in the 
Institute of Medicine and Arts," London ; and author 
of a Medical Dictionary republished in this country. 
This edition is dedicated to Marshall Hall, M. D., F. E. 
S., one of the chiefs of the Medical profession in the 
metropolis, and who, it appears, has introduced it to his 
pupils in the lecture room. 



Tl VOTICS Br TIIK PUBLlSilKltS. 

The following is an extract from Prof. Hoblyn's Pre- 
fece to liis edition : — 

"This Manual of Natural Philosophy claims no 
higher merit than that of being a republication of the 
popular treatise of Dr. Comstock, of Hartford, in the 
United States, enlarged and to a certain extent remod- 
eled. His colleague feels a peculiar pleasure in the 
association of his own name with that of an author, who 
has earned a well-merited reputation in the pursuit of 
physical science. As an elementary work, requiring 
for its perusal no mathematical attainment, nor indeed 
any previous knowledge of Natural Philosophy, it is at 
once simple, intelligible, and in most parts &jniliar." 
Published by Adam Scott, Charter House Square^ London. 

Besides these two editions of the entire work. Dr. 
Comstock's Philosophy has been published in parts, in 
the form of scientific tracts, at a shilling each, for gen- 
eral circulation in England. We understand also, that 
the work has been translated into Overman, for the use 
of the public schools in Prussia. 

Having thus undergone the critical examination of 
two Professors of high attainments abroad, who have 
each corrected its errors, and added to its pages, and of 
whose labors, we have no doubt, the author has availed 
himself we now oflfer this revised edition to the public, 
with renewed confidence in its correctness, as well as its 
adaptation to the purpose for which the work is inten* 
ded. 

New York, 



NATURAL PHILOSOPHY, &c. 



CHAPTER I. 

THE PROPERTIES OF BODIES. 

Natural Philosopht, or tlie Science of Nature^ has for its 
objects the investigation of the properties of all natural bodies 
and their mutual action' on each other. The term Physica has 
a similar meaning. 

1. A Body is any substance of which we can gain a knowl- 
edge by our senses. Hence^ air, water, and earth, in all their 
modifications, are called bodies. 

2. There are certain properties which are common to all 
bodies. These are called the essential properties of bodies. 
They are Impenetrability, Extension, Figure, Divisibility, In- 
ertia, and Attraction. 

S. Impenetrability. — "By impenetrability, is meant that two 
bodies can not occupy the same space at the same time, or, that 
the ultimate particles of matter can not be penetrated. Thus, 
if a vessel be exactlv filled with water, and a stone or any other 
substance heavier than water, be dropped into it, a quantity of 
water will overflow, just equal to the size of the heavy body. 
This shows that the stone only separates or displaces the parti- 
cles of water, and therefore that the two substances can not ex- 
ist in the same place at the same time. If a glass tube open 
at the bottom, and closed with the thumb at the top, be pressed 
down into a vessel of water, the liquid will not rise up and fill 
the tube, because the air already in the tube resists it ; but if 
the thumb be removed, so that the air can pass out, the water 
will instantly rise as high on the inside of the tube as it is on 

What are the objects of natural philosophy? 1. What is a bodvl 8. Mention 
several bodies. VIThat are the essential properties of bodies 1 3. What is meant by 
impnuU^abUUf/ f How is it pnnred that ai? and water are inpenetrablf 1 
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the outside. This shows that the air is impenetrable to tlie 
water. 

4. If a nail be driven into a board, in common language, it 
is said to penetrate the wood, but in the language of philoso- 
phy, it oidy separatiu or displaces the particles of the wood. 
The same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to make room for the harder bod/, but the 
particles themselves afe by no means pene- «^ 

trated by the nail. 

6. Glass Receiver, — ^Again, if a glass re- 
ceiver, A, Mff. 1, be inverted over a lighted 
taper, floating on a cork in the vessel of water 
B, the receiver may be pushed to the bottom of 
the containing vessel, tne taper continuing to 
bum, as long as the confined air contains oxy- 
gen, the impenetrability of that elastic fluid, 
preventing tJie water from rising in the inner 
vessel, so as to extinguish the light, a convinc- 
ing proof that no two bodies can occupy the ^^^^ Receiver 
same place at the same time. 

6. Extension. — Every body, however STriall, must have length, 
breadth, and thickness, since no substance can exist without them. 
By extension, therefore, is only meant these qualities. Exten- 
sion has no respect to the .size or shape of a body, 

Y. The size and shape of a block of wood a foot square is 
quite different from that of a walking-stick. But they both 
equally possess length, breadth, and thickness, since the stick 
nught be cut into little blocks, exactly resembling in shape the 
large one. And these little cubes might again be divided until 
they were only the hundredth part of an inch in diameter, and 
still it is obvious that they would possess length, breadth, and 
thickness, for they could yet be seen, felt, and measured. 

8. Figure or form is the result of extension, for we can not 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular, 

9. Some solid bodies have certain or determinate forms 
which are produced by nature, and are always the same, 
wherever they are found. Thus, a crystal of quartz, Eig, 
2, has six sides, while a garnet, Eig, 3, has twelve sides, 

4. Wb0D a nail it driven into a board or piece of lead, are the particles of then 
bodies penetrated or separated 1 5. Explain Fig. 1. 6. What ii meant by extension 1 
7. In how muny directions do bodies possess extension 1 8. Of what is figure or form the 
ntolt 7 Do all bodies possess fignra 1 9. What solids are regular in their forms t 
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Fia. 3. 
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Quarix, 



these nmnbeis being invaria- 
ble. Some solids are ao irre- 
gular, that they can not be 
compared with any mathema- 
tical figure. This is the case 
with the fragments of a broken 
rock, chips of wood, fractured 
glass, &c.; these are called 
amorphovLB shapes. 

10. Fluid bodies have no 
determinate forms, but take 
their shapes from the vessels in 
which they happen to be placed* 

11. DivisiBiLiTT. — By the dividbility of matter^ we mean 
that a body may be divided into partSy and that theee parti 
may ayain be divided into other partSy and eo on without 
limit. 

12.' It is quite obvious, that if we break a piece of marble 
into two parts, these two parts may again be divided, and that 
the process of division may be continued until these parts are 
so small as not individually to be seen or felt. But as every 
body, however small, must possess extension and^form, so we 
can conceive of none so minute but that it may again be 
divided. There is, however, possibly a limit, -beyond which 
bodies can not actually be divided, for there may be reason to 
believe that the atoms of matter are indivisible by any means 
in our power. * But under what circumstances this takes place, 
or whether it is in the power of man /luring his whole hfe, to 
pulverize any substance so finely, - that it may not again be 
broken, is unknown. 

We can conceive, in some xlegree, how minute most be the 
particles of matter, from circumstances that every day come 
' within our knowledge. 

13. A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight Here, the particles 
of musk must be floating in the air of every part of the room« 
otherwise they could not be every where perceived. 

14. Gold is hammered so thin, as to take 282,000 leaves to 
make an inch in thickness. Here, the particles still adhere 
to each other, notwithstanding the great surface which they 

10. Whftt bodiM m in«calar1 11. What is meant by diTisibility of matter 1 Ii 
there any limit to the divisibility of matter 1 13. Are the atoms of matter divisible 1 
13. What examples are given of the divisibility of matter 1 14. How many leaves of 
gold does it take to make an inch in Uiicknea 1 How many sqaue inches may a grain 
of gold be made to cover ? 
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cover, — ^a single grain being sufficient to extend over a surface 
of fifty square inches. 

16. Indestructibility, — This term means that nothing is 
destroyed. The ultimate particles of matter, however widely 
they may be diffused, are not individually destroyed, or lost, 
but under certain circumstances, may again be collected into a 
body without change of form. Mercury, water, and many 
other substances, may be converted into vapor, or distilled in 
close vessels, without any of their particles being lost In such 
cases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and water 
assume their original state again on cooling. 

16. Where bodies suffer decomposition or decay, their ele- 
mentary particles, in like manner, are neither destroyed nor 
lost, but only enter into new arrangements or combinations 
with other bodies. 

17. When a piece of wood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. The 
wood is thus decomposed, or destroyed, and its particles take a 
new arrangement, and assume new forms, but that nothing is 
lost, is proved by the fact that if the water, acid, gases, and 
charcoal, be collected and weighed, they will be found exactly 
as heavy as the wood was before distillation. 

18. Bones, flesh, or any other animal substance, may in the 
same manner be maie to assume new forms, without losing a 
particle of the matter which they originally contained. 

19. The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, change their places and assume 
new forms. 

20. The decay and decomposition of animals and vegetables 
on the surface of the earth form the soil, which nourishes the 
growth of vegetables ; and these, in their turn, form the nu- 
triment of animals. Thus is there a perpetual change from 
life to death, and from death to life, and as constant a succes- 
sion in the forms and places, which the particles of matter as- 
sume. Nothing is lost, and not a particle of matter is struck 
out of existence. The same matter of which every living ani- 
mal, and every vegetable was formed since the creation, is still 

15. Under what cireninstaneef may the particles of matter axain be collected in their 
original form 1 16. What is meant by indestmetibility ? 17 When bodies suffer decair, 
are their particles lost 1 18. What becomes of the particles of bodies which decay 1 19 
Is it probable that any matter has been annihilated or added, since the lint creation 1 00 
What is said of the particles of matter of which we u« made 1 
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in existence. As nothing is lost or annihilated, so it is proba« 
ble that nothing has been added, and that we, ourselves, are 
composed of particles of matter as old as the creation. 

21. Inertia. — Inertia means pamveness, or want of power ^ 
or inactivity of matter. Thus matter is, of itself equaUy «f»- 
eapahle of putting itself in motion^ or of bringing itself to rest 
when in motion. 

22. It is plain that a rock on the surface of the earth nerer 
changes its position in respect to other things on the earth. It 
has of itself no power to move, and would, ^erefore, forever lie 
still, unless moved by some external force. This &ct is proved 
by tlie experience of every person, for we see the same objects 
lying in the same positions all our lives. Now, it is just as 
true, that inert matter has no power to bring itself to rest^ 
when once put in motion, as it is that it can not put itself in 
motion when at rest, for having no life, it is perfectly passive^ 
both to motion and rest ; and therefore either state depends 
entirely upon circumstances. 

23. Common experience proving that matter does not put 
itself in motion, we might be led to believe, that rest is the 
natural state of all inert bodies ; but a few considerations will 
show that motion is as much the natural state of matter as 
rest, and that either state depends on the resistance, or im- 
pulse, of external causes. 

24. If the air be exhausted, or pumped out of a vessel by 
means of an air-pump, and a common tbp, with a small, hard 
point, be set in motion in it, the top will continue to spin for 
hours, because the air does not resist' its motion. A pendulum 
set in motion, in an exhausted vessel, will continue to swing 
without the help of clock work, for a whole day, because there 
is nothing to resist its perpetual motion but the small friction 
at the point wh^re it is suspended, and gravity. 

25. We see then, that it is the resistance of the air, of fric- 
tion, and of gravity, which cause bodies once in motion to 
cease moving, or come to rest, and that dead matter, of itself, 
is equally incapable of causing its own motion, or its own rest. 

26. We have perpetual examples of the truth of this doc- 
trine, in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years Sgo, or at the beginning of creation. Thus it is proved 

SI. What doM inertia mean? S3. Ii rest or motion the natural itate of matter? 
93. Why will a top q»io, or a pendaiam iwinf, longer in an exbaoated ▼euel than in 
the air? 95. What u« the cauiei which rstttt the perpetual motion of hodiet 1 
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lihat bodies once in motion, do nbt cease to move without an 
efficient cause. On the contrary, the want of motion, or the 
inertia of bodies, as shown by ^e force required to put them 
in motion is proved by obvious and daily facts. Thus when 
one is standing in a boat, and another suddenly pushes her 
from the shore, the feet are moved with the boat, while Uie 
body being at rest, or in a state of inertia, falls toward the 
shore, because it resists the sudden motion which the feet has 
acquired. 

27. But on the other hand, when the boat and standing man 
have acquired motion, and the boat suddenly stops, the man 
is pitched forward because his 

inertia prevents his coming in- 
stantly to rest. F'^- ^ 

28. A pretty little experi- 
ment illustrating this subject 
is represented by Fig. 4. If 
a small card be placed on the 
end of the finger, and on the 
card, a penny, the card may 
be thrown away by the snap 
of the finger, leaving the coin 
in its place, because the 
inertia of the penny refuses 
to partake of the instant mo- ckird and Penny. 
tion of the card. 

29. Attraction. — By attraction is meant that property or 
quality in the particles of bodies^ which makes them tend toward 
each other, 

30. We know that substances are composed of small atoms, 
or particles of matter, and that it is a collection of these, united 
together, that form all the objects with which we are ac- 
quainted. Now, when we come to divide, or separate any sub- 
stance into parts, we do not find that its particles have been 
united or kept together by glue, little nails, or any such me- 
chanical means, but that they cling together by some power, 
not obvious to our senses. This power we call Attractum, but 
of its nature or cause, we are entirely ignorant. Experiment 
and observation, however, demonstrate that this power pervades 

S6. Where have we an example of continued motion without the existence of air and 
friction ? $S7. When the boat u^nushed suddenly from the shore, why does the standing 
man fall ? Why is the man pitched forward when the boat suddenly stops 1 29. What 
is meant' by attraction ? 30. What is known about the cause of attraction % Is attraction 
common to all kinds of matter, or not 1 What eflfoct does this power have upon the 
planets 1 
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all material things, and thafr under different modifications, it 
not only makes die particles of bodies adhere to each other, but 
is the cause which keeps the planets in their orbits as thej pass 
through the heavens. 

31. Attraction has received different names, according to the 
circumstances under which it acts. 

32. The force which keeps the particles of matter together, 
to form bodies, or masses, is called Attraction of cohesion. 
That which inclines different masses toward each other is 
iMed. Attraction of gravitation. That which causes liquids to 
rise in tubes, is called Capillary attraction. That which forces 
the particles ci substances of different kinds to unite, is known 
under the name of Chemical attraction. That which causes 
the needle to point constantly toward the poles of the earth, is 
Magnetic attraction; and that which is excited by friction in cer- 
tain substances, is known by the name of Mectriccd attraction. 

33. The followhig illustrations, it is hoped, will make each 
kind of attraction distinct and obvious to the mind of the 
student 

34. Attraction of Cohesion acts only at insensible dis- 
tances, as when the particles of bodies apparently touch each other, 

35. Take two 

pieces of lead, Fig, ^^' *• 

5, of a round form, 
an inch in diame- 
ter and two inches 
long; flatten one 
end of each and cohesion. 

make through it 

an eye-hole for a string. Make the other ends of each as 
smooth as possible, by cutting them with a sharp knife. If 
now the smooth surfaces be brought together, with a slight 
turning pressure, they will adhere with such force that two 
men can hardly pull them apart by the two strings. 

36. In like manner, two pieces of plate glass, when their 
surfaces are cleaned from dust, and they are pressed together, 
will adhere with considerable force. Other smooth substances 
present the same phenomena. 

37. This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 

31. Why has attraction received different names t 32. How many kinds of attraction 
are there 1 How does the attraction of cohesion operate ? What is meant by attraction 
of gmvitation 1 What by capillary attraction 1 33. What by chemfcdl attraction 1 
What is that which makes 'the needle point toward the pole ? How is elibctrical attraction 
excited ? 34. Give an example of cohesive attraction ? 30. In what substances is co- 
hesive attraction the strongest 1 In what substances is it the weakest 1 

2 
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other fiubstances, and in Bome of the metals it is stronger than 
in others. In general it is most powerful among the particles 
of solid bodies, weaker among those of liquids, and probably 
entirely wanting amoDg elastic fluids, such as air and the 
gases. 

38. When the particles of fluids are left to arrange them- 
selves according to the laws of attraction, the bodies which they 
compose assume the form of a globe or ball, 

39. The manu&cture of shot is a striking illustration of this 
law. The lead is melted and poured into a sieve, at the height 
of about two hundred feet from the ground. The stream of 
lead, immediately after leaving the sieve, separates into round 
globules, which, before they reach the ground, are cooled and 
become solid, and thus are formed the shot used by sports- 
men. 

40. To account for the globular form in all cases, we have 
only to consider that the particles of matter are mutually at- 
tracted toward a common center, and in liquids being free to 
move, they arrange themselves accordingly. 

41. In all figures except the globe or ball, some of the parti- 
cles must be nearer the center than others. But in a body 
that is perfectly round, every part of the outside is exactly at 
the same distance from the center. 

42. Thus, the comers of a cube, or 
square, are at much greater distances 
from the center than the sides, while 
the circumference of a circle or ball is 
every where at the same distance from 
it. This difierence is shown by Fig, 6, 
and it is quite obvious, that if the par- 
ticles of matter are equally attracted 
toward the common center, and are 
free to arrange themselves, no other 
fig\xvQ could possibly be formed, since 
then every part of the outside is 
equally attracted. 

43. The sun, eartli, moon, and indeed all the heavenly 
bodies, are illustrations of this law, and therefore were probably 
in so soft a state when first formed, as to allow their particles 
freely to arrange themselves accordingly. 

38. What form do flaids take, when their particles are left to their own arrangement 1 
39. Give examples of this law. 40. How is the globular form which liquids assume ac- 
counted for ? . M the particles of a body are free to move, and are equally attracted towaid 
the center, what must be its figure 1 41. Why must the fifure be a globe T 4d. What 
great natural bodies are examples of this law ? 
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Adkesion between solids and liquids. 



44. Adhesion. — ^The attractioii between solids and liquids 
is termed adhesion. This is well illustrated by means of 
Fig, 1. 

First, very nice- 
ly bidance the 
plate of copper, 
C, by means of 
weights in the 
cup, A, and then 
slide the vessel 
of water, B, un- 
der the copper, 
pouring in more 
of the fluid un- 
til the metal just 
touches it. Now 
on placing weights in A, it will be found that the metal ad- 
heres to the water with so much force, that if the plate has an 
area of about seven inches, it will require a weight of more than 
1000 gr»ns to raise it from the surface of the water. 

45. Attraction of Gravitation. — As the attraction of 
cohesion unites the particles of matter into masses or bodies, so 
the attraction of gravitation tends to force these masses toward 
each other, to form those <f still greater dimen- 
sions. The term gravitation, does not here 
strictly refer to the weight of bodies, but to 
the attraction of the masses of matter toward 
each other, whether downward, upward, or 
horizontally. 

46. The attraction of gravitation is mutual, 
since all bodies not only attract other bodies, 
but are themselves attracted. 

47. Two cannon-balls, when suspended by 
long cords, so as to hang quite near each other, 
are found to exert a mutual attraction, so that 
neither of the cords are exactly perpendicular, 
but they approach each other as in Fig. 8. 

48. In the same manner, the heavenly bodies, 
when they approach each other, are drawn out 
of the line of their paths, or orbits by mutual 
attraction. 



FIG. 8. 



1 



AUTae^«n 



44. What explanation can you give of Fig. 7 1 45. What is meant by attraetion of 
IfraTitation 1 46. Can one body attract another without being itself attracted ? 47 How 
M it proved that bodies attract each other 1 



FIG. 9. 
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49. Attractioii, in technical language, is inversely as the 
squares of the distances between the two bodies. That is, in 
proportion as the square of the distance increases, in the same 
proportion attraction decreases, and so the contrary. Thus, 
if at the distance of 2 feet, the attraction be equal to 4 pounds, 
at the distance of 4 feet, it will be only 1 pound; for the 
square of 2 is 4, and the square of 4 is 16, which is 4 times 
the square of 2. On the contrary, if the attraction at the dis- 
tance of 6 feet be 3 pounds, at the distance of 2 feet it will be 
9' times as much, or 27 pounds, because 36, the square of §, is 
equal to 9 times 4, the square of 2. 

60. The law 
of attraction in 
masses is very sat- 
isfactorily shown 
by the two little 
cork balls in Fig, 
9. They are cover- 
ed with varnish, AttmeHonofeorkhaUa, 

or bees*- wax, to re- 
pel the water. 

Two such balls placed on the surface of a dish of water, two 
or three inches apart, and not near the side of the dish, will 
soon begin to approach each other; their velocities being 
in proportion to their sizes, and increasing as their distances di- 
minish, until quite near, when they rush together as though 
they had life. 

51. Terrestrial Gravity. — This is so called in order to 
distinguish the weight or gravity on the earth, from that of 
the planets which may he called celestial gravity, 

62. The force of gravitation being in proportion to the quan- 
tity of matter bodies contain, and their distances from each 
other, as already explained, it follows that the weight of the same 
body must vary in proportion to its distance from another body. 

The force of gravity, or the weight of a body is greatest at 
the surface of the earth, and from this point it diminishes both 
upward and downward. 

53. It diminishes upward, because it is removed further 
from the center of gravity, which is the center of the earth, and 
downward because the attraction of the earth is thus exerted 

■— ■- — — -- ■ — 

49. By what law or rule, does the force of attraction increase ? 50. Give an example 
of this rule. 51. How is attraction illustrated by Fig. 91 52. What is terrestrial gravity 1 
53. Where is terrestrial gravity the greatest ? 54. Why does it diminish both upward 
and downward 1 
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in all directions, instead of being entJrely downwards aa it is at 
the surface. 

fi4. Oo thi« principle it is that mathematiciana have esti- 
mated that a body at the sur&ce of the earth weighing one 
pound would weigh notbing at the distance of 4,000 miles 
downward, because it woold there be at the center of the 
earth, whence the attraction is equal on all sides. The diminu- 
tion here, is simply as the distance of ihe center decreases. 

Ou the contrary, the diminution upwardsfromfheearth's sur- 
face h as the square of the distance, as we have already explained 
— hence the weight of a pound at the surface, would be only 
equal to one quarter of a pound at the height of 4,000 miles, that 
is 8,000 miles from the center, this being the square of 4,000. 

The following diagram. Fig. 10, will illuBtiats Hik subject. 



M. Eiplain Fif. 10, uid ibov Ux n> 
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SG. The line marked 4,000 shows the semi-diameter of the 
eartli, which is nearly 8,000 miles in diameter. The center of 
the eartli marked 00, indicatefl tlie al>sence of weight at this 
point, a pound weight at the auriace weighing one quarter of a 
pound at 1,000 miles from the center, and bo in this proporlJon, 
increasing upward, as already explained. The ratio of dimiou- 
tion, from' the sur&ce upward, has been already illustrated and 
explained. 

66. Some bodies of the same bulk contain a much greater 
quantity of matter than others : thus, a piece of lead contains 
about twelve times as much matter as a piece of cork of the 
same dimensions, and therefore a piece of lead of any ^ven 
size, and a piece of cork twelve times as large, will attract each 
other equally. 

67, Capillart ATTHAcrioN, — The force by which small 
tuhM, OT porous substances, raise liquids above their levels, it 
called capillary attraction. 

58. If a email glass tube be placed in water, the water on 
the inside will be raised above the level of that on the outside 
of the tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The surfaces, of a small orifice arer so near each other as to at- 
tract the particles of the fluid on their opposite sides, and as all 
attraction is strongest in the direction of the greatest quantity 
of matter, the water is raised upward, or in the direction of the 
length of the tube. On the outside of the tube, the opposite 
surface?, it is obvious, can not act on the same column of water, 
and therefore the influence of attraction is here hardly percep- 
tible in raising the fluid. This seems to be the reason why the 
fluid rises higher on the inside than on the outside of the tube. 

59. ffeiffht and size of the bore. — 
The height to which the .fluid will rise 

seems lodepend,notonthespecificgra?- ^'*'- "■ 

ity of the fluid, but on the siae of the bore. 

60. Thus, if the four glass tubes, 
shown by Fig. 11, are respectively the 
10th, SOth, 40th, and aoth of an inch 
in diameter, then the height of the 
fluid in each will be inversely as their Cf 
several diameters. 



H r>f attnclloD belwm i. cubic liKh of l»il, and i cobhi 

I kind nt Mnclinn iUiHtnltd with ilw lulmY Wbr 
lulnthu ildsHin tbtouMidal 5». O- -"-• ■" — "~ 
bH dipand 1 00. Xiplala fif. II. 
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01. On comparing the elevation of several fluids in tubes of 
the same diameter, it has been found that water rose more than 
three times as high as sulphuric acid, though the latter is nearly 
twice as heavy as the former, and therefore contains a propor- 
tionate quantity of attractive matter. The .cause of this diflier- 
ence is unknown. 

62. Prevents evaporation, — It is very remarkable that capil- 
lary attraction prevents evaporation. Thus, fine glass tubes, 
open at both ends, and containing water, were exposed to the 
influence of the sun, in the open air, for months, without losing 
the least portion of their contents. 

63. It is well known that mercury in a small vertical tube is 
depressed around the sides next to the glass ; but rises in the 
center, forming the section of a ball. This is owing to the 
strong attraction the particles of this metal have for each other, 
while they appear to have none for the glass. This attraction 
is beautifully shown by the little bright globules which mer- 
cury forms on being thrown on a smooth surface. 

64. A great variety of porous substances are capable of ca- 
pillary attraction. If a piece of sponge or a lump of sugar be 
placed so that its lowest corner touches the water, the fluid will 
rise up and wet the whole mass. In the same manner, the 
wick of a lamp will carry up the oil to supply the flame, though 
the flame is several inches above the level of the oil. 

65. On the same principle it is well known, that dry wood, 
or a rope, being moistened with water, are thereby increased in 
bulk, so that rocks are split by the swelling of wedges exposed 
to the rain, and ropes, as the rigging of a ship are made taught 
by throwing water on them, and what housewife has not had 
her clothes-line broken by a shower of rain ? 

66. Chemical Attraction takes place between the particle of 
substances of different kind&, and unites them into one compound, 

67. This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a universal 
property. It is also known by the name of chemical affinity, 
because the particles of substances having an aflinity between 
them, will unite, while those having no affinity for each other 
do not readily enter into union. 

68. There seems, indeed, in this respect, to be very singular 

61. What is the difference in height between sulphuric acid and water 1 flS: What ii 
■aid of its preventing evaporation 1 63. Why does mercury form a leetion of a ball in a 
fflaw tube 1 65. On what principle is it said that rocks are split and ropes broken 1 66. 
What is the effect of chemical attraction 7 fSiJ. By what other name is this kind of attrao- 
tioa known 1 68. What effect is produced when marble and sulphuric acid are broufhl 
iogether 1 What is the effect when (lass and this acid ara brought together 1 What is tlie 
of this diilferenee 1 
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TOoferenoes, and dislikes, existing among the particles of matter. 
X)ius, if a piece of marble be thrown into sulphuric acid, their 
particles will unite with gi-eat rapidity and commotion, and 
there will result a compound differing in all respects from the 
acid or the marble. But if a piece of glass, quartz, gold, or 
silver, be thrown into this acid, no change is produced on either, 
because their particles have no affinity. 

69. Sulphur and quicksilver, when heated together, will 
form a beautiful red compound, known under the name of 
vermilion, and which has none of the qualities of sulphur or 
quicksilver. 

10. Oil and water have no affinity for each other, but pot- 
ash has an attraction for both, and therefore oil and water will 
unite when potash is mixed with them. In this manner, the 
well-known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil or 
the water ; and therefore, when soap is mixed with an acid, 
the potash leaves the oil, and unites with the acid, thus 
destroying the old compound, and at the same instant forming 
a new one. 

Yl. Magnetic Attraction. — ^There is a certain ore of iron, 
a piece of which, being suspended by a thread, will always turn 
one of its sides to the north. This is called the loadstone^ or 
natural magnety and when it is brought near a piece of iron, or 
steel, a mutual attraction takes place, and under certain circum- 
stances the two bodies will come together^ and adhere to each 
other. This is called Magnetic Attraction, When a piece of 
steel or iron is rubbed with a magnet, the same virtue is com- 
municated to the steel, and it will attract other pieces of steel, 
and if suspended by a string, one of its ends vrill constantly 
point toward the north, while the other, of course, points 
toward the south. This is called an artificial magnet The 
magnetic ne^le is a piece of steel, first touched wil£ the load- 
stone, and then suspended, so as to turn easily on a point. 
By means of this instrument, the mariner guides his ship 
through the pathless ocean. See Magnetism, 

72. Electrical Attraction. — When a piece of glass, or 
sealing-wax, is rubbed with the dry hand, or a piece of cloth, 
and then held toward any light substance, such as hair or 
thread, the light body will be attracted by it, and will adhere 

09. When sulphur and quicksilver are combined, what is formed 1 70. How may oil 
and water be maae to unite? What is the composition thus formed called ? How does 
an acid destroy this compound 7 What is the reason that hard water will not wash 1 71. 
What is a natural macnet 1 What is meant by mafnetie attraction 1 What is an aitifi> 
e!al magnet 1 What Is a mafnetie needle ? What is its use ? 
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for a moment to the glass or wax. The influence' which thas 
moves the light body is called Electrical Attraction, When 
the light body has adhered to the surface of the glass for a 
moment, it is again thrown of£j or repelled, and this is called 
Electrical Mepulsion, See Electricity, 

73. We have thus described and illustrated all the universal 
or inherent properties of bodies, and have also noticed the 
several kinds of attraction which are peculiar, namely, Chemical, 
Magnetic, and Electrical. There are still several properties to 
be mentioned. Some of them belong to certain kinds of mat- 
ter in a peculiar degree, while other kinds possess them but 
slightly, or not at all. These properties are as follows : 

74. Density. — This property relates to the compactness of 
bodies, or the number of particles which a body contains mthin 
a given bulk. It is closeness of texture, 

75. Bodies which are most dense, are those which contain 
the least number of pores. Hence, Uie density of the metals is 
much greater than that of wood. Two bodies being of equal 
bulk, that which weighs most is most dense. Some of the 
metals may have this quality increased by hanunering, by 
which their pores are filled up^ and their particles are brought 
nearer to each other. The density of air is increased by forcing 
more into a close vessel than it naturally contained. 

76. RARmr. — This is the quality opposite to density, and 
means that the substance to which it is applied is porous and 
light. Thus, air, water, and ether are rare substances, while 
gold, lead, and platina are dense bodies. 

77. Hardness. — This property is not in proportion, aw 
might be expected, to the density of tfie substance, but to the force 
with which the particles of a body cohere, or keep th^r places, 

78. Glass, for instance, will scratch gold or platina, though 
these metals are much more dense than glass. It is probable, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in their 
places. 

79. The following table shows the comparative hardness 
and specific gravity of most of the gems, and some other 
minerals. 

8ab«tanc«t. UardneM. Sp.Qr. SubcUneeg. HudntM. 8p.Gr. 

Diamond 20 3.7 Sapphin 17 3.8 

Ruby 16 as Topaz 14 3.5 

73. What is meant by electrical attraction ? What ii electrical repalsion. 73. What 
properties of bodies have been described ? 74. What is density 1 75. What bodies are 
most dense 1 How may this quality be increased in metals 1 76. What is rarity ? What 
are rare bodies ? What are dense bodies ? 77. How does hardness differ from deoaity 1 
78. Why will glass scratch gold or platina 1 79. What is the hardest of all known bodies 1 



It will be aeen that the diamond is the hardest of all sub- 
»taDC«B, being twice as hard as quartz. 

80. Elasticitt it that property in bodiet by which, after 
bmiff forcibly compressed, or bent, tkey regain thrir oriptnaC 
itate wAiwi the force is removed. 

81. Some substancea are highly elastic, while others want 
thia property entirely. The separation of two bodiea after im- 
pact, is a proof that one or both are elastic. In general, moat 
bard and dense bodies possess this quality in g;reater or leas 
degree. Ivory, glass, marble, flint, and ice, are elastic solids. 
An ivoiT ball, dropped upon a marble Blab, will bound nearly 
to the height froni which it fell, and no mark will be left on 
either. Steel, when hardened in a particular manner, and 
wrought into certain forms, pos- 

seases thia property in the high- 
eat degree. Watch-apringa, and 
those of carriages, as well as 
sword-blades, are examples. 
Gold, silver, copper, and platina, 
also have this proper^ in a 
degree. 

82. Some London Bword blades 
it is 6^d, can safely be bentuntil 
the point touches tbe handle. 
But none of these are equal to 
that represented by Fig. 12, 
called the Toledo-blade, and 
which was exhibited at the Lon- 
don CrysUl Fal&c«. Thia blade 
waa bent, in presence of the pub- 
ho, into a perfect rarcle as nere 
shown, and on being released, 
instantly became perfectly strait. 

88. Among fluida, water, oil, 
and in general all ancb substances 
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as are denominated liquids, are nearly inelastic, while air, and 
the gaseous fluids, are the most elastic of all bodies. 

84. Change of Form, — ^The change of 

form in an elastic body, as an India rubber ^^' i^. 

ball, is shown by Fig, 13, where its side, 

on striking an impediment, is compressed 

to a, but instantly springs to 6 ; the dark 

line between them being the surface in 

the natural state. 

85. Brittleness is the property which 
renders substances easily broken, or sepa- 
rated into irregular fragments. This ^ *^^ 
property belongs chiefly to hard bodies, 

86. It does not appear that brittleness is entirely opposed to 
elasticity, since, in many substances, both these properties are 
united. Glass is the standard, or type of brittleness ; and yet 
a ball, or fine threads of this substance, are highly elastic, as 
may be seen by the bounding of the one, and the springing of 
the other. Brittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and copper, 
become brittle when heated and suddenly cooled ; but if cooled 
slowly, they are not easily broken. 

87. Mallbabilitt. — Capability of being drawn under the 
hammer or rolling-press. 

This property belongs to some of the metals, but not to all, 
and is of vast importance to the arts and conveniences of life. 

88. The malleable metals are platina, gold, silver, iron, cop- 
per, lead, tin, and some others. Antimony, bismuth, and co- 
balt, are brittle metals. Brittleness is, therefore, the opposite 
of malleability. 

89. Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen through 
it. Copper and silver are also exceedingly malleable. 

90. DnoTiLiTT t« that property in substances which renders 
them susceptible of being dravm into wire, 

91. We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
leaves, but can not be drawn into small wire. Gold is the most 
malleable of all the metals, but platina is the most ductile. 

84. Explain Fig. 13. 85. What is brittlen«n 1 86. Are brittleneH and elaaticity ever 
found in the Mine nibttance 1 Give examples. How are iron, steel, and brass made 
brittle 1 87. What does malleability mean 1 88. What metals are malleable, and what 
are brittle 1 80. Which is the most malleable metal 1 90. What is meant by ductility 1 
91. Are the moet malleable metals the most ductile 1 
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Dr. Wollaston drew platina into threads not much larger than 
a spider's web. 

92. Tbnacitt, in common language called toughness^ refers to 
the force of cohesion among the particles of bodies, 

93. Tenacious bodies are not easily pulled apart. There is 
a remarkable difference in the tenacity of different substances. 
Some possess this property in a surprising degree, while others 
are torn asunder by the smallest force. 

94. Tenacity of Wood, — The following is a tabular view of 
the absolute cohesion of the principal kinds of timber employed 
in the arts and in building, showing the weight which would 
rend a rod an inch square, and also the length of the rod, 
which, if suspended, would be torn asunder by its own weight. 

96. it appears, by experiment, that the following is the ave- 
rage tenacity of the kinds of woods named ; but it is found that 
there is much difference in the strength of the same species, 
and even of the different parts of the same tree. 

96. The first line refers to the weight, and the other to the 
length, the wood being an inch square. 

Founds. Feet 

12,915 36,049 

11,880 32,900 

9,630 36,800 

12,226 38,940 

14,130 39,050 

9,540 ..-,.. 40,500 

12,240 . . ^ . . 42,160 



Teak,* . 

Oak, . 
Sycamore, 

Beech, . 
Ash, 

Elm, . 

Larch, . 



97. Tenacity of the Metals. — The metals differ much more 
widely in their tenacity than the woods. According to the 
experiments of Mr. Rennie, the cohesive power of the several 
metals named below, each an inch square, is equal to the num- 
ber of pounds marked in the table, while the feet indicate the 
length required to separate each metal by its own weight. 



Oast Steel, . 
Malleable iron. 
Oast iron. 
Yellow brass. 
Oast copper, . 
Oast tin, . . 
Oast lead, 



Foands. Feet. 

134,256 39,456 

. 72,064 19,740 

. 19,096 6,110 

. 17,958 5,180 

. 19,072 6,093 

. 4,736 1,496 

. 1,824 348 



SS. What is meant b^ tenacity ? From what does this property arise ? 95. Give the 
names of the most tenacious sorts of wood. 97. What metals are moet tenaeions 1 What 
metals are least tenacious 1 
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The cohesion of fluids it is difficult to measure, though some 
indication of this property is derived by the different sizes of 
the drops of each on a plane surface. 

98. Recapitulation. — The common or essential properties 
of bodies are, Impenetrability, Extension, Figure, Divisibility, 
Inertia, and Attraction. Attraction is of several kinds, viz., 
attraction of Cohesion, attraction of Gravitation, Capillary at- 
traction. Chemical attraction^ Magnetic attraction, and Electric 
attraction. 

99. The peculiar properties of bodies are. Density, Rarity, 
Hardness, Elasticity, Brittleness, Malleability, Ductility, and 
Tenacity. 



CHAPTER II. 

GRAVITY. 

100. The force by which bodies are drawn toward each other 
in the mass, and by which they descend toward the earth when 
let fall from a height, is called the force of gravity. 

101. The attraction which the earth exerts on all bodies 
near its surface, is called terrestrial gravity ; and the force 
with which any substance is drawn downward, is called its 
weight, 

102. All falling bodies tend downward, or toward the center 
of the earth, in a straight line from the point where they are 
let fall. If, then, a body descends, in any part of the world 
the line of its direction will be perpendicular to the earth's 
surfsice. It follows, therefore, that two falling bodies, on 
opposite parts of the earth, mutually fall toward each other. 

103. Suppose a cannon-ball to be disengaged from a height 
opposite to us, on the other side of the earth, its motion in re- 
spect to us would be upward, while the downward motion from 
where we stand would be upward in respect to those who 
stand opposite to us on the other side of tlie earth. 

104. In like manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line of 

96. What are the esiential propertiei of bodies 1 How many kinds of attraction an 
there ? 99. What are the peeuhar properties of bodies ? 100. What is gravity 1 . 101. 
What is terrestrial gravity) 103. To what point in the earth do ftilling bodies tendl 
103. In what direction will two fklling bodies, from opposite jiarts of the eai Ji, tend in 
fispect to each other 1 104. In what direction wiU one from half-way between theifi 
meet their line ? 

3 



(liiection will be directly across, or at right-angles with thelioe 
already supposed. 

105. This will be readily understood by Fig. 14, where the 
cirde is supposed lo be the circumference of the earth. A, the 
ball falling toward its upper surface, where we stand ; B, a 
ball iailing toward the oppoute side of the earth, but ascending 
in respect to us ; and D, a ball descending at the distance of a 
quarter of the circle from the other two, and crossing the line 
of their direction at rightrangles. 

106. It will be obvious, 

therefore, that what we call pig. u 

up and down, are merely . 
relativA terms ; and that 
what is down in respect to 
those who live on the op- 
posite side of the earth, and 
BO the contrary. Conse- 
quently, dorni every where 
means toward the center of 
the earth ; and up, from the 
center of the earth, because 
all bodies descend toward 
the earth's center from what- 
ever part they are let &II. 
This will be apparent when 
we consider that, as the 
earth turns over every 24 
hours, we are carded with 
it through the points A, D. and B, Ftp. 14; and, therefore, 
if a body is supposed to fall from the point A, say at 12 
o'dock, and the same to fall again from the same point above 
the earth at 6 o'clock, the two lines of direction will be at 
right-angles, as represented in the figure, for that part of the 
earth which was under A at 12 o'clock, will be under D at 
6 o'clock, the earth having in that time performed one quarter 
of ils daily revolution. At 12 o'clock at night, if the bodj be 
supposed to &11 again, its line of direction will be at nght- 
angles with that c^ its last descent, and consequently, it will 
atemd in respect to the point from which it fell 12 hours 
before, because the eartii would have then gone through one 
half her daily rotation, and the point A would be at B. 

KKk How ii Uiii ibcnrn b( Fig. 14 1 loe. An Oia urmi ■> uid <>« nktln at 
podtininllMlinMuillct WbilimndonbiadbT dsn in irTpirtarilMiiuthI Sob 
MH 1 ball t« M (Ul u H uid tbn ■( flo'ilock. in whal dlnelion would tto ILiw of Ibiilt 
law*nl iBHt (uh mbai 1 
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107. The velocity of every /alUnff body it um/ormlyaeeeleraUd 
W itt approach toward t/ie earth, from whatever height it/alU 

108. If a rock is rolled from a steep mountain, ita motion is 
at first slow and gentle ; but, as it proceeds downward, it moves 

with perpetually increafed velocity, seeming to gather fresh 
speed every moment, nntil its force u such uat every olxtacle 
ia overcome. 

109. The prinuple of increased velocity as bodies descend 
from a height, is curiously illustrated by 

poming molasses or thick syrup from an '•O- ^ 

elevation to the ground. 'The bulky stream, 
^ff. IS, of perhaps two inches in diameter 
where it leaves the vessel, as it descends, is 
reduced to the size of a straw, or knitting- 
needle; but what it wants in bulk is made 
up in velocity, for the small stream at the 
ground will fill a vessel jn^it as soon as the 
Sirge one at the outlet 

110. It is found, by experiment, that 
the motion of a falling body is accelerated 
in regular mathematiod proportions. 

These increased propcjrtions do not de- 
pend on the increased weight of the body, 
because it approaches noarer the center of 
the earth, but on the constant operation of 
the force of gravity, which perpetually gives . 
new impulses to the Billing body, and In- 
creases its velocity. 

111. It has been ascertained, by experi- Atr™** ;v«iqr. 
mest, that a body falling freely, and with- 
out resistance, passes tlirougu a space of 16 feet and 1 inch 
during the first second of time. Leaving out the inch, which 
is not necessary for our present purpose, the ratio of descent ia 
as follows : 

] 12. If the height through which a body falls in one second 
of time be known, the height which it falls in any proposed 
time may be computed. For wnce the height is nroportional 
to the square of the time, the height through whicn it will fall 
in tmo seconds will be /our times that which it falls through in 
one second. In three seconds it will fall through mne times that 

107. Wlimlii«idc™MTiiii.glhanKiIioMoff.liin«Wi«1 ICB. Ho« il thi. iDEnHHd 

Vody p4ailhrDU^ ia th« Gnt uaarvl 1 111. ITa bodj fall from ft evtain belflil in twv 
■ewidl, wbit prnpnltloD to Uilioill itflU In rsniHCOodll 
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5>ace ; in four seconds sixteen times that of the first second ; in 
ve seconds twenty-five times, and so on in this proportion. 
The following, therefore, is a general rule to find the height 
through which a body will fall in any given time. 

113. RvlU. — Reduce the given time to seconds ; take the 
square of the number of seconds in the time, and multiply the 
height through which the body falls in one second by that num- 
ber, and the result will be the height sought, 

114. The following table exhibits the height in feet, and the 
corresponding times in seconds. 



Time 
Height 


1 
1 


2 
4 


3 
9 


4 
16 


5 
25 


6 
36 


n 

49 


8 
64 


9 
81 


10 
100 



Now, as the body falls at the rate of 16 feet during the first 
second, this number, according to the rule, multiplied by the 
square of the time, that is, by the numbers expressed in the 
second line, will show the actual distance through which the 
body falls. 

116. Thus we have for \hQ first second 16 feet; for the end 
of the second ; 4 x 16 = 64 feet ; third^ 9x16 = 144 ; fourth^ 
16X16=256; fifth, 25x16=400; sixth, 36x16 = 576; 
seventh, 49 X 16 X 784; and for the 10 seconds 1,600 feet. 

116. If, on dropping a stone from a precipice, or into a 
well, we count the seconds from the instant of letting it fall 
until we hear it strike, we may readily estimate the height of 
the precipice, or the depth of the well. Thus, suppose it is 5 
seconds in falling, then we only have to square the seconds, 
and multiply this by the distance the body falls in one second. 
We have Uien 5X5=25, the square, which 25x16=400 
feet, the depth of the well. 

117. Thus it appears, that to ascertain the velocity with 
which a body falls in any given time, we must know how 
many feet it fell during the first second : the velocity acquired 
in one second, and the space fsillen through during that time, 
being the fundamental elements of the whole calculation, and 
all that are necessary for the computation of the various cir- 
cumstances of falling bodies. 

118. The difficulty of calculating exactly the velocity of a 
fidling body from actual measurement of its height, and the 
time which it takes to reach the ground, is so great, that no 
accurate computation could be made from such an experiment. 

113. What it the rale by which the height from which a body falls mar be firand f 
114. How many feet will a body &11 in 10 second* 1 115. If the stone is o seeonds In 
lUlinf , how deep is the well 1 



119. Atwood'b Maohinb. — 
TTiis difficulty has, however, been 

overcomn b; a curious piece of ma- yjQ_ jg_ 

chioerj invented by Mr. Atwood. 
This consista of an upright pillar, 
with a wheel on the top, as shown 
by Jiiff. 16. The weights A and 
B are of the B«ina size, and are 
made to balance each other exactly, 
being connected b; a thread pas- 
sing over the wheel. The ring, R, 
admits the weight, A, to fall 
through it in its passage to the 
stage, S, on which it rests. The 
ring and stage slide up and down, 
and are fastened by a tnumb-screw. 
The pillar ia a graduated scale, 
and M is a small bent wire, 
weighing a quarter of an ounce, 
and longer than the diameter of 

120. When the machine is to 
be used, the weight. A, is drawn 
np to the top of the scale, and the 
nag and iU^ are placed a certain 
number of inches friHD each other. 
The small bar, M, is then placed 
across the weight, A, by means of 
which it is made slowly to descend. 
When it has descended to the 

ring, the small weight, M, is taken ^iwi«r> jvoaIju. 

off by the ring, and thus the two 
weights are left equal to each 

other. Now it must be observed, that the motion and descent 
of the weight. A, we entirely owing to the gravitating force 
of the weight, M, until it arrives at the ring R, when the ac- 
tion of gravity is suspended, and the large weight continues to 
move downward to the stage, in consequence of the velodty 
it had acquired preWously to that time. 

121. To comprehend the accuracy of this machine, it muat 

IIS. I> (hg •ctociti ->rahlUnibDdTcilcDlstedOoiraclu>lBiH«niD«it, ubriBb 
shine r 19). Dncribi the opcTBlion of Mt. Atwood'a maehiiui fur (Mimalinf Uh olnclltM 
of falling iKdin. 130. Aft«ilKa imall wsight ii taken a<r b; tlw Tini, why doK Ih« ]ai(> 
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be understood that the velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight. A, is a representative of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accnrately measured, for it is the in- 
crease of velocity which the raachine is designed to ascertain, 
and not the actual velocity of falling bodies. 

122. Now it will be readily comprehended, that in this res- 
pect it makes no difference how slowly a body falls, provided it 
follows the same law a>s other descending bodies, and it has 
already been stated, that all estimates on itns subject are made 
from the known distance a body descends during the first 
second of time. 

123. It follows, therefore, that if it can be ascertained exact- 
ly, how much fiister a body falls during the third, fourth, or 
fifth second, than it did during the first second, we should be 
able to estima,te the distance it would Ml during all succeeding 
seconds. 

124. l£f then, by means of a pendulum beating seconds, the 
weight, A, should be found to descend a certain number of 
inches during the first secoud, and another certain number 
during the next second, and so on, the ratio of acceleration would 
be precisely ascertained, and tx>u]d bo easily applied to the fall- 
ing of other bodies ; and this is the use to Which this instrument 
is appHed. 

125. It will be readily conceived, that solid bodies falling 
from great heights, must ultioaately acquire an amazing veloci- 
ty by this proportion of increase. 

126. By actual calculatior, it has been found that were the 
moon to lose her projectile force, which counterbalances the 
earth's attraction, she would (all to the earth in four days and 
twenty hours, a distance of 240,000 miles. And were the 
earth's projectile force destroyed, it would fisdl to the sun, with- 
out resistance, in sixty-four days and ten hours, a distance of 
95,000,000 of miles. 

127. Every one knows, by his own experience, the different 
effects of the same body falling from a great, or small height. 

1S4. By what mMiw it the ratio of dcacent found 1 196. How lonf would it taka tha 
moon to ooma to tha aarth. according to the Inw of increaiad velocity 1 How long 
would it taka tha aarth to fall to the su<i 1 127. What familiar illuttratiom ara ffiTan 
orif tha foraa aeqaizad by tha veknsity of falling bodiai 1 
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A bof will toss up his leaden bullet and catch it with his hand, 
but he soon learns, by its painful effects, not to throw it too 
high. The effects of hailstones on window-glass, animals, and 
vegetation, are often surprising, and some times calamitous 
illustrations of the velocity of falling bodies. 

128. It has been already stated that the velocities of solid 
bodies, falling from a given height toward the earth, are equal, 
or in other words, that an ounce ball of lead will descend in 
the same time as a pound ball of lead. 

This is true in theory, and in a vacuum, but there is a slight 
difference in this respect in favor of the velocity of the larger 
body, owing to the resistance of. the atmosphere. We, how- 
ever, shall at present consider all solids, of whatever size, as 
descending through the same spaces in the same times, this 
being exactly time when they pass without resistance. 

129. To comprehend the reason of this, we have only to con- 
sider, that the attraction of gravitation in acting on a mass of 
matter, acts on every particle it contains ; and thus every parti- 
cle is drawn down equally, and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quanti- 
ty of matter the mass contains, and not in proportion to its bulk. 

130. Attraction proportionable to the quantity of matter, — 
li, then, bodies attract each other in proportion to the quanti- 
ties of matter they contain, it follows thatjf the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doused; and if its quantity of matter were^ 
tripled, all bodies would weigh three times as much as they do 
at present. 

131. It follows, also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 
contain like quantities of matter, their approach will be equal- 
ly rapid, and they will move equal distances towards each other. 
But if the one be small and the other large, the small one 
will approach the other with a rapidity proportioned to the less 
quantity of matter it contains, as shown by the cork balls. 

132. A man in a boat, pulling a rope attached to a ship, 
seems only to move the boat ; but that he really moves the ship 
is certain, when it is considered that a thousand boats pulling 
in the same manner would make the ship meet them half way. 

128. Will a small and a lai^ body fall through the same space in the same time T 
129. On what parts of a mass of matter does the force of gravity act 1 Is the eflbct of 
gravity io proportion to bulk, or quantity of matter ? 130. Were the mass of the earth 
doubled, how much more should we weigh? 131. Suppose one body moving toward 
another, three times as large, by the force of gravity what would be their proportional 
velocities 1 132. Does a large body attract a small one with any more force than it M 
attracted 1 
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It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, moves them with dif 
ferent velocities, and that these velocities are in an inverse pro 
portion to their quantities of matter. 

133. In respect to eqital forces, it is obvious that in the case 
of the ship and single boat, they were supposed to be moved 
toward each other by the same force, that is, the force of a man 
pulling by a- rope. The same principle holds in respect to 
attraction, for all bodies attract each other equally, according 
to the quantities of matter they contain ; and since all attrac- 
tion is mutual, no body attracts another with a greater force 
than that by which it is attracted. 

134. If, for example, two boats of equal size, be connected 
by a rope, and a man in one of them pulls with a force equal 
to 100 pounds, it is plain that the force on each vessel would 
be 100 pounds. For if the rope were thrown over a puUy, and 
a man were to pull at one end with a force of 100 pounds, it is 
plain it would take 100 pounds at the other end to balance. 
See Fig, 17. 

FIG. 17. 




Attraction iUnatrated. , 

136. Attracting bodies approcu^h each other, — It is inferred 
from the above principles, that Jill attracting bodies ^^^^hich are 
free to move, mutually approach each other, and therefore that 
the earth moves toward every body which is raised from its 
surface, with a velocity and to a distance proportional to the 
quantity of matter thus ielevated from its surface. But the 
velocity of the earth being as many times less than that of the 
falling body as its mass is greater, it follows that its motion is 
not perceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

134. Suppose a man in one boat palls with a force of 100 pounds at a rope fastened to 
another boat, what would be tlie lorce on each boat? How is this illustrated? 135. 
Do all attracting bodies ajmroach each other ? Suppose the body falls toward the earth, 
it the earth set in motion oy its attraction 1 Why is not the earth's motion toward it 
perceptible 1 
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136. If a ball of earth, equal in diameter to the tenth part 
of a mile, were placed at the distance of the tenth part of a 
mile from the earth's surface, the attracting powers of the two 
bodies would be in the ratio of about 512 millions of millions 
to one. For the earth's diameter being about 8,000 miles, the 
two bodies would bear to each other about this proportion. 
Consequently, if the tenth part of a mile were divided into 512 
millions of millions of equal parts, one of these parts would be 
nearly the space through which the earth would move toward 
the falliDg body. Now, in the tenth part of a mile there are 
about 6,400 inches, consequently this number must be divided 
into 512 millions of millions of parts, which would give the 
eighty thousand millionth part of an inch through which the 
earth would move to meet a body the tenth part of a mile in 
diameter. 

ASCENT OF BODIES. 

137. Having now explained and illustrated the influence of 
gravity on bodies moving downward and horizontally, it re- 
mains to show how matter is influenced by the same power 
when bodies are thrown upward, or contrary to the force of 
gravity. 

138. What has been stated in respect to the velocity of fell- 
ing bodies is reversed in respect to those which are thrown 
upward ; for, as the motion of a falling body is increased by the 
action of gravity, so it is retarded by the same force when pro- 
jected from the center of gravity. 

A bullet shot upward, every instant, loses a part of its velocity, 
until having arrived at the highest point from whence it was 
thrown, it then returns again to the earth. 

139. The same law that governs a descending body, governs an 
ascending one, only that their motions are reversed. 

140. The same ratio is observed to whatever distance the ball 
is propelled ; for, as the height to which it is thrown may be 
estimated from the space it passes through during the first 
second, so its returning velocity is in a like ratio to the height 
to which it was sent. 

141. This will be understood by Fig, 18. Suppose a ball to 
be propelled from the point A, with a force which would carry 
it to the point B in the first second, to in the next, and to D in 
the third second. It would then remain nearly stationary for an 

136. What distance would a body, the tenth part of a mile In diameter, placed at the die- 
tance of a tenth part of a mile, attract the earth toward iti 138. What effect does the 
force of gravity nave on bodies moving upward 1 139. Are upward and downward mo- 
tion governed by the same laws 1 141. Explain Fig. 18. What is the difference between 
the upward and returning velocity of the same body 1 



34 



VALLINO BODIES. 



FIG. 18. 



D 



C 



B 



iii8t4uit; and, in returning, would pass through the 
wune spaoes in the same time, only that its direction 
would be reversed. Thus, it wiU fall from D to in 
the first second, to B in the next, and to A in the third. 

142. Now the momentum of a moving body is 
as its velocity and its qu/vntity of matter; and, 
hence the same ball will hll with the same force 
that it rises. For instance, a ball shot out of a 
rifle, with force sufficient to overcome a certain 

* impediment, on returning would again overcome 
the same impediment. 

143. It has been doubted, even by good author- 
ity, whether the principle above enunciated is true; 
that is, whether a rising and a falling body observe 
the same law of motion, only, that tliey are reversed. 
On this point, we quote Dr. Lardner, who, perhaps, 
18 not inferior to any other authority. 

144. "All the circumstances attending the accel- 
erated descent of &lling bodies, are exhibited in a 
reversed order when a bodv is projected upward. 

" Thus, if a body be projected vertically upward, 
with the velocity which it would acquire in falling 
freely during one second, the body so projected wiU 
rise exactly to the height from which it would have 
fallen in one second, and at that point of its ascent, 
it will have the velocity which it would have at the 
same point, if it had descended." — Hand Book of 
Natural PMlo9ophy^ (London, 1851,) p. 110. 

145. It has been estimated that a leaden ball, ialling from a 
sufficient height, would acquire a much greater force than if 
shot from a nfle. 

It is understood that these estimates refer only to dense bul- 
lets, as those of lead, or other metals, on which the atmosphere 
has the least resistance. 

146. It is stated that attempts have been made to test this 
principle by shooting rifle-balls vertically, and observing with 
what force they descended, by the depth they penetrated 
wooden impediments. 

But, this would hardly be within the art of gunnery, unless 
ihe mark erected for the returning ball should oe more exten- 
sive than experimenters would be willing to construct. 

143. What is said of tiie retaroin| fore« of a rifle-ball 1 143. What doubts hare baen 
expressed on this subject 1 144. What is the oaotation from Dr. Laidnerl 145. What 
estimates have been made with respect to the nil of a rifle-ball 1 148. What is said of 
the experiment of shooting rifle-baUi Tertically 1 
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MOTION ON INCLINED PLANES. 



no. 19. 



147. Bodies falling down inclined planes follow the same 
laws of motion ds those falling freely^ only that their velocities 
are diminished in proportion as the planes are more or less ti»- 
clined, 

148. This is illustrated by Fig, 19, 
where, let 1, 6, be an inclined plane, 
and A, G, the vertical line of the same 
length, the letters on each marking the 
points to which the falling body is sup- 
posed to reach in 1, 2, 3, 4, 5, and 6 
seconds. Now suppose two balls to be 
dismissed at the same instant from A, 
the one foiling freely, and the other 
along the plane. Then, to find the dif- 
ference in their velocities, draw perpen- 
dicular lines from the points, 1, 2, 3, 4, 
5, and 6, along the inclined plane, and 
extend these lines to B, C, D, E, F, G, 
of the vertical line, and these points will 
respectively mark the difference in 
their velocities. Thus, at the end of the 
first second, one of the balls will arrive 
at B, and the other at 1, and so in 
these proportions until they fall to the 
earth. 

149. It will, therefore, be observed, 
that, although the ball which falls down 

the plane is retarded in its motion by friction, still it follows 
the same law as the other; both being uniformly accelerated 
in their descent by the force of gravity. 




Fall en Inclined Pltuu. 



FALL OF LIOHT BODIES. 

150. It has been stated that the eartKs attrac ion acts 
equally on all bodies containing equal quantities of ma ter^ and 
that in vacuo, all bodies whether large or small, descend from 
the same heights in the same time. 

There is, however, a great difference in the quantities ot mat- 
ter which bodies of the same bulk contain, and consequenlly a 

147. What are the laws of motion down inclined planei 1 148. Explain Fig. 19. 140. 
What does the explanation of the iiguie prorel 150, What is nid of the fall of 
bodies 1 
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dilference in the resistance which they meet with in passing 
through the air. 

151. Now, the fall of a body containing a large quantity of 
matter in a small bulk, meets with little comparative resistance, 
while the fall of another, containing the same quantity of mat- 
ter, but of larger size, meets with more in comparison, for two 
bodies of the same size meet with exactly the same resistance. 
Thus, if we let fall a ball of lead, and another of cork, of two 
inches in diameter each, the lead will reach the groimd before 
the cork ; because, though meeting with the same resistance, the 
lead has the greatest power of overcoming it. 

152. This, however, does not aflfect the truth of the general 
law, already established, that the weights of bodies are as the 
quantities of mattg- they contain. It only shows that the pressure 
of the atmosphere prevents bulky and porous substancefffrom fall- 
ing with the same velocity as those which are compact or dense. 

153. Were the atmosphere removed, all 
bodies, whether light or heavy, large or ' 
small, would descend with the same velocity. 
This has been ascertained, by experiment, as 
shown by Fig. 20. 

The air-pump is an instrument by means 
of which the air can be pumped out of a 
close vessel, as will be seen under the article 
Pneumatics. Taking this for granted, at 
present, the experiment is made in the fol- 
lowing manner : — 

154. On the plate of the air-pump, A, 
place the tall jar, B, which is open at the 
bottom^ and has a brass cover fitted closely 
to the top. Through the cover, let a wire 

})ass, air-tight, having a small cross at the 
ower end. On each side of this cross, place 
a little stage, and so contrive them, that, by 
turning the wire by the handle, C, these 
stages shall be upset. On one of the stages 
place a guinea or piece of lead, and on the 
other place a feather. When this is arranged, 
let the air be exhausted from the jar by the 
pump, and then turn the handle, C, so that 




Feather and Ouiiua, 



151. Why will not a tack of feathers and a itone of the sain^ size fall throoffh the air 
in the same time ? 153. Does this affect the troth of the general Jaw, that the weights of 
bodies are as their quantities of matter? 153. What would be the effect on the fall of 
light and heavy bodies, were the atmosphere removed? 154. How is it proved that a 
feather anJ a guinea will fall through equal spaces in the same time, where then ii p« 
fesistanee 1 
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the guinea and feather may fall from tlieir places, and it will be 
found that they will both strike the plate at the same instant. 
Thus is it demonstrated, that, were it not for the resistance of 
the atmosphere, a bag of feathers and one of guineas would fall 
from a given height with the same velocity, and in the same 
time. 



CHAPTER III. 

MOTION. 



155. Motion may be defined^ a continued change of ploMy 
with regard to a fixed point. 

156. Without motion, there would be no rising nor setting 
of the sun — no change of seasons — no fall of rain — no building 
of houses ; and, finally, no animal life. Nothing can be done 
without motion ; and, therefore, without it, the whole universe 
would be at rest, and dead. 

157. In the language of philosophy, the power which puts a 
body in motion is called /orc^. ITius, it i?the force of gravity 
that overcomes the inertia of bodies, and draws them toward 
the earth. The force of water and steam gfves motion to ma- 
chinery, &c. 

158. For the sake of convenience, and accuracy in the use 
of terms, motion is divided into two kinds, viz. : absolute and 
relative, 

169. Absolute motion is a change of place with regard to 
a fixed point, and is estimated without reference to the motion 
of any other body. When a man rides along the street, or, 
when a vessel sails through the water, they are both in absolute 
motion. 

160. Relative motion is a change of place in a body, with 
respect to another body, also in motion, and is estimated from 
that other body, exactly as absolute motion is from a fixed 
point. 

161. The absolute velocity of the earth in its orbit, from west 
to east, is 68,000 miles in an hour ; that of Mars, in the same 
direction, is 5^,000 miles per hour. The earth's relative velocity, 

155. How will yon define motion ? 156. What would be the conseqaence were all 
motion to cease 1 157. What is that power called which puts a body in motion ? 158. 
How is motion divided? 159. What is absolute motion'? 160. What is relativ* 
motidb % 161. What is the earth's relative velocity in spspect to Man 1 

4 
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in this case, is 13,000 miles per hour, from west to east That 
of Mars, comparatively, is 18,000 miles from east to west; be- 
cause, the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

162. Hest, in the common meaning of the term, is the oppo- 
site of motion ; but, it is obvious that rest is often a relative 
term, since an object may be perfectly at rest with respect to 
some things, and in rapid motion in respect to others. 

163. Thus, a man, sitting on the deck of a steamboat, may 
move at the rate of fifteen miles per hour, with respect to the 
land, and still be at rest with respect to the boat And, so, if 
another man was ranning on the deck of the same boat, at the 
rate of fifteen miles the hour, in a contrary direction, he would 
be stationary, in respect to a fixed point, and still be running 
with all his might, with respect to the boat. 

VELOCITY OF MOTION. 

164. Velocity is the rate of motion at which a body moves 
from one jpla^x to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus, a cannon-ball and a musket-ball, both 
flying at the rate of ^ thousand feet in a second, have the same 
velocities. 

165. Velocity is said to be uniform^ when the moving body 
passes over equal spaces in equal times. If a steamboat moves 
at the rate of ten miles every hour, her velocity is uniform. The 
revolution of the earth from west to east is a perpetual example 
of uniform motion. 

166. Velocity is accelerated^ when the rate of motion is in- 
creased, and the moving body passes through unequal spaces in 
equal times. Thus, when a falling body moves sixteen feet 
during the first second, and forty-eight feet during the next 
second, and so on, its velocity is accelerated. A body falling 
from a height freely through the air, is the most perfect example 
of this kind of velocity. 

167. Retarded velocity^ is when the rate of motion of the 
body is constantly decreased, and it is made to move slower and 
slower. A ball thrown upward into the air, has its velocity 
constantly retarded by the attraction of gravitation ; and, con* 
sequently, it moves slower every moment (137.) 

103. What M rest ? 103. In what respect it a man in a steamboat at rest, and in what 
respect does he move ? 164. What is velocity 1 165. When is velocity nniforml 168. 
Wnen is velocity accelerated 1 Give illustrations of thase two kinds of velocity. 167' 
What is meant by retarded velocity ? Give an example of retarded velocity. 
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168. Objects moving : — 

Man walking, . 

Horse trotting, 

Swiftest raoe-horse, 

Railway train. (Bnglish) .... 

/^^ ^ (American) . . . 

J " (Belgian) . . . 

" (Frencli) . . . 

/ " (Germmi) . . . 

Swift English steamers, .... 

Amerioan steamers on the Hndson, 

East sailing yessels, 

Current of slow rivers, .... 
" of rapid riyers, .... 

Moderate wind, 

A storm, with wind, 

A hurricane, in hot climates, . . 

Air rushing into a vacnnm, . . 

Common musket-ball, .... 

A rifle-ball, 

A 24-lb. cannon-ball, .... 

A ballet from an air-gan, . . . 

Sound, heat at 320, 

" do ateoo, 

Earth's yelocity round the sun, 

diurnal motion at equator. 



if 



MilMpOT 


Feetptr 


hour. 


Mcond. 


3 . . 

7 . . 


4 


60 . 


88 


32 . . 


47 


18 . 


26 


25 . . 


36 


27 . . 


40 


24 . , 


35 


14 . . 


20 


18 . . 


26 


10 . 


14 


3 . . 


H 


7 . , 


10 


7 . 


10 


36 . . 


52 


80 . 


117 


884 . 


. 1,296 


850 . 


. 1,246 


1,000 . 


. 1,466 


1,600 . 


. 2,346 


466 . 


. 683 


748 . 


. 1,090 


762 . 


. 1,118 


67,374 . 


. 98,815 


1,037 . 


. 1,520 



169. The above, from Lardner's Mechanics, may be useful for 
occasional reference. We have omitted the fractional parts with 
respect to the seconds, as being difficult to remember, and 
useless for the present purpose. In regard to American loco- 
motive speed, it is at the present time probably nearly one-third 
too small. The comparative velocities of balls from fire-arms 
differ from those given by some other authorities, but on this 
subject we have made no experiments. 



FORCE, OR BIOMBNTUM OF MOVING BODIES. 

170. The velocities of bodies are equal, whm they pass over 
equal spaces in the same times; hut the force with which bodies, 
moving at the same rate, overcome impediments, is in proportion 
to the quantity of matter they contain. This power, or force, is 
called the momentum of the moving body. 

171. Thus, if two bodies of the same weight move with the 
same velocity, their momenta will be equal. 

166. What ii said of the ineed of oor looomotive* 1 169. What ii meant by the no 
mentam of a body 1 170. When will the momentum of two bodiei be equal 1 
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1 12. Two vessels, each of a hundred tons, Bailing at the rate 
of tax miles an hour, would o?erco]Be the same impedimeDts or 
be stopped by the aame obstructJoni. Their moraenla would 
therefore be the same. 

The force or momentum of a moving body, is ia proportion 
to its quantity of matter, and its velodty. 

lT3. A Uu'ge body moving slowly, may have less moineDta 
than a small one moving rapidly. Thus, a bullet shot out of a 
gun, moves with much greater force than a Etone thrown by the 

174. The momentum of a lody ia found by mvUiplying iti 

quantity of matter by Us velocity per second. Thua, if the 

- velocity be 2, and the weight 2, the momentum will be 4. If 

the velocity be 6, and the weight of the body 4, the momentum 

will be 24. 

115. If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are 
equal. Thus, if a boy throw his ball ^inst the side of the 
house, with the force of 3, the house resists it with an equal force, 
and the ball rebounds. If he throws it figainst a pane of glass 
with the same force, the glass having only the power of 2 to 
resist, the ball will go through the glass, still retaining one- 
third of its force. 

176. Action anoEeactiok fig. sl 

EttVAL. — From observations 
made on the effects of bodies 
striking each other, it ia found 
that action and reaction 4a-e 
equal ; OT,iaotherviorda,thal 
force and resistance are equal. 
Thus, when a moving body 
strikes one that is at rest, the . 
body at rest returns the blow 
with equal force. 

This is illustrated by the 
well-known fact, that if two 
persona strike their heads to- 
gether, one being in motion,. 
aud the other at rest, they 
are both equally hart ■•"^ "^ B™ii™. 

177. The philosophy of 

1T3. Giiain MiiiiTila. 1T3. Vfieo bus hdiII bodj > naaln' miHiMiKum thsn * tarn 
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action and reaction is finely illustrated by a number of ivory 
balls, suspended by threads, as in Fig, 21, so as to touch each 
other. If the ball A be drawn from the perpendicular, and then 
let fall, so as to strike the one next to it, the motion of the&lling 
ball wul be communicated through the whole series, from one to 
the other. None of the balls except F, will, however, appear to 
move* This wiU be understood, when we consider that the 
reaction of B is just equal to the action of A, and that each of 
the other balls, in like manner, act, and react, on the other, 
until the motion of A arrives at F, which, having no impedi- 
ment, or nothing to act upon, is itself put in motion. It is 
therefore, reaction, which causes all the balls, except F, to 
remain at rest 

178. It is by a modification of the same principle, that 
rockets are impelled through the air. The stream of expanded 
air, or the fire which is emitted from the lower end of the 
rocket, not only pushes against the rocket itself, but against the 
atmospheric air, which, reacting against the air so expanded, 
sends the rocket along. 

179. It was on account of not understanding the principles 
of action and reaction, that the man undertook to make a fair 
wind for his pleasure-boat, to be used whenever he wished to 
sail. He fixed an immense bellows in the stem of his boat, 
not doubting that the wind from it would carry him along. 
Eut on making the experiment, he found that his boat went 
backward instead of forward. The reason is plain. The re- 
action of the atmosphere on the ^ream of wind from the 
bellows, before it reached the sail, moved the boat in a 
contrary direction. 

180. Had the sail received the whole force of the wind from 
the bellows, the boat would, not have moved at all, for then, 
action and reaction would have been exactly equal, and it would 
have been like a man's attempting to raise himself over a fence 
by the straps of his boots. 

181. The principle in question is beautifrilly illustrated by 
Fig, 22. It consists of a kind of stocking, supported by whale- 
bone, which in swimming, contracts around the ankle as the foot 
is drawn up, but opens like an umbrella, thus acting with force, 
on the water, as the foot is pushed backward, precisely like the 
foot of a duck in the water. 

177. When one of the ivory balli strikes the other, why does the most distant one only 
moye? 178. On what principle are rockets impelled through the airl 179. In the ex* 
periment with the .boat and bellows, why did the boat move backwaidl 180. Why 
would it not have moved at all had the sail received all the wind from the bellows 7 
181. Explain Fig. 22. 

4* 
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182. /( hat been staUd (22) that alt hodia when onee set in 
motion, looald eoalinue to move straight foriaard, until Km* 
impedimtnt, aelinff in a eontrary dtreclion, thould bring them 
to rent ; continued motion teilhout impediment fmng a conse- 
quence of the imrtia of matter. 

183. Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the hne in which they move. 
Thus, a ball sent out of a g^n, or stmck by a bat, turns neither 

' to the right nor left, but makes a curve 'toward the earth, in 
consequence of another force, which is the attraction of cavita- 
tion, and by which, together with the resistance of the atmos- 
phere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which ia 
produced when bodies are tamed out of a sbraight line by 
some force, independent of gmvi^. 

184. A single force, or impulse, sends the body directly for- 
ward, but another force, not exactly coinciding with this, will 
give it a new direction, and bend it out of its former course. 

185. If, for instance, two moving bodies strike each other 
obliquely, they will both be thrown out of the line of their 
former direcUon. This is called reflected motion, because it 
observes the same laws as reflected light. 

186. The bounding of a ball ; the skipping of a stone over 
the smooth surface of a pond ; and tbe oblique direction of an 

IBS. WliEtii uld of Ibg laDtlDnilT nTmolianl 1S3. BuppaKmbodi ti nElsdaa, uid 
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apple, when it touches a limb in it(s fall, are examples. of 
reflected motion. 

By experiments on this kind of motion, it is found that moving 
bodies observe certain laws, in respect to the direction they take 
in rebounding from any impediment they happen to strike. 

187. Thus, a ball, striking on the floor, or wall of a room, 
makes the same angle in leaving the point where it strikes, that 
it does in approaching it. 

188. Suppose A, B, Fig. 23, pig. as. : 
to be a marble floor, and 0, to 
be an ivory ball, which has 
been thrown toward the ^oor 
in the direction of the line C, E ; 
it will rebound in the direction 
of the line E D, thus making the 
two angles F and G exactly equal. 

189. If the ball approaches Ihe floor under a larger or 
smaller angle, its rebound will observe the same rule. ThuSy 
if it fell in the line H E, Fig, 24, its rebound would be in the 
line K I, and if it was dropped 
perpendicularly from L to E, it 
would return in the same line 
to L. The angle which the ball 
makes with the perpendicular 
line, L £1, in its approach to the 
floor, is called the angle of inci- 
dence, and that which it makes 
in departing from the floor with 
the same line, is called the angle of reflection, and these angles 
are always equal. 
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190. Compound motion is that 
which is produced by two or more 
forces, ajcting in different directions, 
on the same hody^ at the same time. 
This will be readily understood by a 
lii^am. 

191. Suppose the ball A, Fig. 25, 
to be moving with a certain velocity 
in the line B G, and suppose that at 



FIG. 25. 
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What Ibwi are obtenred in reflected motion 1 187. Sttppoee a ball to be thrown on the 
floor in a certain direction, what rule will it obaenre in rebounding 1 188, Explain Fig. 
33. 189. What it the angle called, which the ball makes in approaching the floor 7 
What ii the angle called, which it makes in leaving the floor 1 What is the difierence 
between these angles 1 190. What is compound motion 1 191. Suppose a ball, moving 
with a certain force, to be stniek crosswise with the same force, in what direction will it 
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the instant when it came to the point A, it shonld be strack 
with an equal force in the direction of A E, then, as it can not 
obey the direction of both these forces, it will take a course 
between them, and fly off in the direction of F. 

The reason of this is plain. The first force would carry the 
ball from B to ; the second would carry it from A to E ; and 
these two forces being equal, gives it a direction just half 
way between the two, and therefore it is sent toward F. 

The line A F, is called the diagonal of the square, and results 
from the cross forces, B and E, being . equal to each other. If 
one of the moving forces is greater than the other, then the 
diagonal hne will be lengthened in the direction of the greater 
force, and instead of being the diagonal of a square, it will 
become that of a parallelogram. 

192. Suppose the force 

in the direction of A B, fig. as. 

should drive the ball with 
twice the velocity of the 
cross force C D, Fig, 26, 
then the ball would go 
twice as far from the line 
C D, as from the line B A, 
and E F would be the diag- 
onal of a parallelogram 
whose length is double its 
breadth. 

193. Suppose a boat, in 

crossing a river, is rowed forward at the rate of four miles an 
hour, and the current of the river is at the same rate, then the 
two cross forces will be equal, and the line of the boat will be 
the diagonal of a square, as in Fig, 25. But if the current be 
four miles an hour, and the progress of the boat forward only 
two miles an hour, then the boat will go down the stream twice 
as fast as she goes across the river, and her path will be the 
diagonal of a parallelogram, as in Fig, 26, and therefore, to 
make the boat pass directly across the stream, it must be rowed 
toward some point higher up the river than the landing-place ; 
a fact well known to boatmen. 

194. Circus Bider. — ^Those who have seen feats of horse- 
manship at the circus, are often surprised that when the man 
leaps directly upward, the horse does not pass from under him, 

]02. Suppose it to be struck with twice its former force, in what direction will it 
move 1 What is the line A F, Fig. 25 called 1 What is the Hne E F, Fig. 96, called 1 
How are these figures illustrated 1 Explain Figs. S5 and 26. 193. Explain the motion of 
the boat 1 194. Why does the leaping circos rider form the diagonal of a panlMognm 1 
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and that in descendiog he does not fell behind the animal. 
But it should be considered that, on leaving the saddle, the 
body of the rider has the same velocity as that of the horse ; 
nor does his leaving the horse by jumping upward, in any 
degree diminish his velocity in the same direction ; his motion 
being continned by the impulse he had gained from the animal. 
In this case, the body of the man describes the diagonal of a 
parallelogram, one side of which is in the direction of the 
horse's motion, and the other perpendicDlarly upward, in the 
direction in which he makes the leap. 

195. This will be 
better understood ' '' 

by Fig. 27, where 
the two forces are 
illustrated. Had 
the rider ratnuned 
on the horse, he 
would have reached 
that point, where he 

meete him afl«r the atau RUtr. 

leap over the iron 

bar, under which the ammal passes. Tlus force the nder gams 
from the horse. The diagonal force is the result of his own 
muscular exertion, and by which he raises himself above the 
bar, still retaining in his leap the velocity of the horse, and thus 
regains the saddle, as though he had not left it. 

The motion of the rider is through the Bectionofasphere,as 
shown by the figure, where the hofse and rider are seen before 
and after the leap. 



196. Circular motion it that cf a body in a ring, or etreU, 

and U produced by the action of two forcet. By one of then 
forces, the moving body tend* to fiy off in a straight hnt, vhUe 
by the other it is drawn toward the center, and thus it w made 
to revolve, or move round in a circle. 

197. The force by which a body tends to go off in a stnught 
line, is called the centrifugal force ; that which keeps it fit>m 
flying away, and draws it towud the center, is oallei the cen- 
tripetal force. 

198. Bodies moving in drclee are constantly acted upon by 

19S, Eiphin Fif. 97, tai ilioir an whM pttoeiple Ih. rjdei nMjU hii hoM »n»r tb> 
hqil IstWhM iirireulu mmioiil How ta thii motion pioiJaMil 1 1»7. Whiit ii 
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these two forces. If the centrifugal force should cease, the 
moving body would no longer perform a circle; but, would 
approach the center of its own motion. If the centripetal force 
should cease, the body would instantly begin to move oflf in a 
straight line ; this being, as we have explained, the direction 
which all bodies take when acted on by a single force. 

199. Suppose a cannon-ball, 

Fig. 28. tied with a string to ^^' ^ 

the center of a slab of smooth 
marble, and suppose an at- 
tempt be made to push this 
ball with the hand in the di- 
rection of B ; it is obvious that 
the string would prevent its 
going to that point ; but would 
keep it in the circle. In this 
case the string is the centripe- 
tal force. 

200. Now, suppose the ball 
to be kept revohnng with ra- * Ckmtrifvgai Force. 

pidity, its velocity and weight 

would cause its centrifugal force ; and, if the string were cut, 
when the ball was at the point C, for instance, this force would 
carry it off in the line toward B. 

The greater the velocity with which a body moves round in 
a circle, the greater will be the force with which it would tend 
to fly oiSf in a right line. 

Thus, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible rapid- 
ity, before he lets it go. Before the invention of other warlike 
instruments, soldiers threw stones in this manner, with great 
force and dreadful effects. 

201^ The line about which a body revolves, is called its axis 
cf motion. The point round which it turns, or, on which it 
rests, is called the center of motion. In Fig. 28, the point D, to 
which the string is fixed, is the center of motion. In the spin- 
ning-top, a line through the center of the handle to the point 
on which it turns, is the axis of motion. 

202. Revolution of a wheel. — In the revolution of a wheel, 
that part which is at the greatest distance from the axis of mo- 
lds. Suppose the centrifugal force should ceaae, in what direction would the body 
move 1 Suppose the centripetal force should cease, where would the body go 1 199. 
What constitutes the centrifugal force of the body movincronnd in a circle ? 900. How 
b this illustrated 1 901. What is the axis of motion 1 What is the center of motion 1 
Give illustrations. 
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tion, has the greatest velocity, 
and, consequently, the greatest 
centriftigal force. 

Suppose the wheel. Fig. 29, 
to revolve a certain number of 
times in a minute, the velocity 
of the end of the arm at the 
point A, would be as much great- 
er than its middle at the point 
B, as its distance is greater from 
the axis of motion, because it 
moves in a larger circle ; and, 
consequently, the centrifugal 
force of the rim C, would, in like 
manner, be as its distance from 
the center of motion. 

203. Large wheels, which 

are designed to turn with great velocity, must, therefore, be 
made with corresponding strength, otherwise the centrifugal 
force will overcome the cohesive attraction, or the strength of 
the fastenings, in which case the wheel will fly in pieces. This 
sometimes happens to the large grindstones used in gun facto- 
ries, and the stone either flies away piecemeal, or breaks in the 
middle, to the great danger of the workmen. 

204. Were die diurnal velocity of the earth about seventeen 
times greater than it is, those parts at the greatest distance from 
its axis would be^n to fly off in straight lines, as the water does 
from a grindstone when it is turned rapidly. 
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V 

206. The center of gravity, in any body or system of bodies^ 
is that point upon which the body, or system of bodies, acted 
upon only by gravity, vnll balance itself in all positions, 

206. The center of gravity, in a wheel made entirely of wood, 
and of equal thickness, would be exactly in its center of motion. 
But, if one side of the wheel were made of iron and the other 
part of wood, its center of gravity would be changed to some 
point aside from the center of the wheel. 

202. What part of a revolving wheel has the rreatest centrifugal force 1 203. Why 
must large wheels, turning with great velocity, be strongly made 1 204. What wonid 
be the consequence, were the velocity of the earth seventeen times greater than it is t 
905. Where is the center of gravity in a body ? 206. Where is the center of jpavity in 
a wheel made of wood ? If one sido is made of wood and the other of iron wnera in th* 
etnterl 
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207. ThuB, the center of gravity in ^^- »• 

the wooden wheej, Fig. 30, is at the 
axis on which it turns ; but, were the 
arm A of iron, its center of motion and 
of gravity would no longer be the 
same; but, while the center of motion 
remained as before, the center of grav- 
ity would fall to the point A. Thus, 
the center of motion and of gravity 
though often at the same point are hot 
always so. 

When a body is shaped irregularly, 
or there are two or more bodies connected, the center of gravity 
18 the point on which they will balance without falling. 
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FIG. 31. 



FIG. 33. 







208. If the two balls, A and B, Fig, 31, weigh each four 
pounds, the center of gravity vrill be a point on the bar equally 
distant from each. 

But, if one of the balls be heavier than the other, then the 
center of gravity will, in proportion, approach the larger ball. 
Thus, in Fig, 32, if C weighs two pounds, and D eight pounds, 
this center will be four times the distance from C that it is 
from D. 

209. Finding the Center of Gravity, — In a body of equal 
thickness, as a board, or a slab of marble, but otherwise of an 
irregular shape, the center of gravity may be found by suspend- 
ing it, first from one point, and then from another, and mark- 
^^g? ^7 means of a plumb-line, the perpendicular ranges from 
the point of suspension. The center of gravity will be the point 
where these two lines cross each other. 

Thus, if the irregular shaped piece of board, Fig, 33, be sus- 
pended by making a hole through it at the point A, and at the 
same point suspending the plumb-line C, both board and line 
will hang in the position represented in the figure. Having 

S07. Is the center of motion and of gravity alwayi the same 1 906. When two 
bodies are connected, as by a bar between them, where is the center of grayity t 900. 
In a board of irrefular shape, by what method is the center of gravity foand 1 
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nc. 34. 



FIG. 35w 
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marked this line across the board, let it be suspended again in 
the position of Fig. 34, and the perpendicular line again marked. 
The point where these lines cross is the center of gravity, as 
seen by Fig. 35. 

210. Importance of the subject. — ^It is often of great conse- 
quence, in the concerns of life, that the subject of gravity 
should be well considered, since the strength of buildings, 
and of machinery, often depends chiefly on the gravitating point. 

211. An upright object will fall to the ground, when it leans 
so much that a perpendicular line from its center of gravity falls 
beyond its base. A tall chimney, therefore, with a narrow 
foundation, such as are commonly built at the present day, will 
fall with a very slight inclination. • 

212. Now, in falling, the center of gravity passes through 
the part of a circle, the center of which is at the extremity of 
the base on which the body stands. This will be comprehended 
by Fig. 36. 

Suppose the figure 
to be a block of mar- 
ble, which is to be 
turned over,, by lift- 
ing at the comer A, 
the comer B would 
be the center of its 
motion, or the point 

on which it would turn. The center of gravity, 0, would, there- 
fore, describe the part of a circle, of which the comer, B, is the 
center. 

213. It will.be found that the greatest difficulty in turning 

SIO. Why is finding the center of gravity of importance 1 311. In what direction 
mut the center of gravity be from the outside of the base, before the object will fallt 
913. In falling, the center of gravity passes through part of a circle ; where is the center 
of this circle? 313. In taming over a body why does the force required eomtantlT b»- 
eome le« and less t 

5 



FIG. 38. 



FIG. 37. 
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orer a square block of marble, is io first raisiDg up the center 
of gravity, for the resistance will constantly become less, in pro- 
poi*tion as the point approaches a perpendicular line over the 
corner B, which, having passed, it will fall by its own weight. 

The difficulty in turning over a body of a particular form, 
will be more strikingly illustrated by the figure of a triangle, or 
low pyramid. 

214. In Fig, 37, the center of gravity is so low, and the base 
so broad, that in turning it over, a great propoi-tion of its whole 
weight must be raised. Hence we see the firmness of the 
pyramid in theory, and experience proves its truth ; ibr build- 
ings are found to withstand the effects of time, and the com- 
motions of earthquakes, in proportion as they approach this figure. 

The most ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form. 

216. Movement of a Ball. — When a ball is rolled on a hori- 
zontal plane, the center of gravity is not raised, but moves in a 
straight line, parallel to the surfiM» of the plane on which it 
rolls, and is consequently always directly over its center of 
motion, 

216. If the plane is inclined downward, the ball is instantly 
thrown into motion, because the center of gravity then falls 
forward of that of motion, or the point on which the ball rests. 

217. This is explained by Mg. 38, where A is the point on 
which the ball ftsts, or the center of motion, B the perpendicu- 
lar line from the center of gravity, as shown by the plumb- 
weight C. 

218. If the plane is inclined upward, force is required to 
move the ball in that direction, because the center of gravity 
then falls behind that of motion, and 

therefore this point has to be constant- ^ ^'® ^' 

ly lifted. This is also shown by Mg, 
88, only considering the ball to be 
moving up the inclined plane, instead 
of down it. 

From these principles, it will be 
readily understood why so much force 
is required to roll a heavy body, as a 
hothead of sugar, for instance, up an 
indined plane. The center of gravity 
foiling behind that of motion, the 

S14. Why it ibera leM force raqoirod to overtorn a enbe, or •qnara, thao a pyramid of 
the same weight 1 315. If the plane is inelioed downward, why doei the ball roll in that 
diraotioni 317. Explain Fig. 38. 318. Why it foioe reqniied to move a ball np an 
iiieUA«4 pU^ni»> 
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weight is constautlf acting against the force employed to nuM 
the body. - 

319. Illustratioahy Blocks. — Oneof the beet iUmtrations o. 
this subject may be made by a number of sqnare blocks of 
wood, placed od each other, as in Fig. 3D, 
forming a leaning tower. Where five ^^- ^ 

blocks are placed in this poeilion, the point 
of gravity is near the center of the third 
block, and is within the base, as shown by 
the plumb-line. But on adding another 
block, the gravitating point falls beyond the 
base, and the whole will now lidl by it^ own 
weight. 

220. The student having such blocks, 
(and they may be picked up about any 
joiner's shop,) will convince himself that 
however carefully his leaning tcwer is laid 
up, it will not stand when the center of gravity 
falls an inch or two beyond the rupport. 

221. We may learn, from these compaii- 

sons, that it is more dangerous to ride Jn a ijaidnt Tmcir. 

high carriage than a low one, in proportion 

to the elevation of the vehicle, and the nearness of the wheels 

to each other, or in proportion to the narrowness of the base, 

and the height of the center of gravity, A load of hay, Fiff, 

40, upsets where one wheel rises 

but little above the other, because "^- *■ 

it is broader on the top than the 

distance of the wheels from each 

other; while a load of stone is 

very rarely turned over, because the 

center of gravity is near the earth, 

and its weight between the wheels, 

instead of being far above them. 

222. Center of gravity in Man. 
— In man the center of gravity is 

between the hips, and hence, were ' 

his feet tied together, and his arms 
tied by liis sides, a very slight in- 
clination of his body would carry i^c/h^. 
the perpendicular of his center of 

lig. Vn.>ii<.bodr.>hipiid11kBFig.3g,H<l!rUin>wiidiiwnI Bh«.Iti itdiofini ur. 

painlorfriTitybtrouiid brmuiu afi nuDbar Drnritnblackii :)SI. Wh^ nill a load 
of h>T DpHimon nulllj Uiu «• af Uong 1 asS. wlwn iillH«iiUrofmu'>|nTilTl 
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gnvity beyond the base, and he would M. But when hit 
Embs are tree to move, be widens his base, and cbanges this 
center at pleasure, hj throwing out his arme, as drcumatances 
require. 

When a man rans, he inclines forward, bo that the center of 
gravity ma; hang before his base, and in this position be is 
obliged to keep bb feet oonstaotly advanung, otherwise he 
womd fall forward. 

223. Porter eanymp a load.— no- *i- 
When a porter takes a load on bis 

back, he instinctively regulates his 
center of gravity by leaning forward, 
BO as to bring it in a line between 
his feet, as shown by Fig. 41. 

224. A man, standing with his 
heels ag^nst a perpendicular wall can 
not stoop forward without falling, be- 
cause the wall prevents bis throwing 
any part of bis body backward. A 
person, little versed in such things, 
agreed to pay a certain sum of money 

for an opportunity of possessing him- -^st-.-.^ 

self of double the sum, by taking it ^^^^n= — :^_= 

from the floor with bis heels against Ctmur of Onvitf. 

the wall. The man, of course, lost 

bis money, for in such a posture, one can hardly reach lower 

than his own knee. 

225. The base on which a man is supported, in walking or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is made broader, without taking muob 
from its length, and hence' persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those 
who turn them inward. 

226. By experience in the art of balancing, or ef keeping the 
center of gravity in a line over the base, men sometimes perform 
things that, at first sight, appear altogether beyond human 
power, such as dining with the table and chair standing on a 
single rope, dandng on a wire, dec. 

227. SoKPBERDS or Lahdes. — Men, as alreadr noticed, by 
practice in the art of balancing, perform feats which are won- 
derful to all beholders. The shepherds of Landes, in the 

Whr will ■ nu Mt «i:l, . .lijht iocllnitiDn, wban hii IM tBi anu in tMI 
CO. DHiibe Fit, 11. SSt. V/bj cu aK one who iumIi wiib bii beeli ifiiiut ■ wall 
tteap lonrtrit TOi. Whj torn m.vmaairtlk mom ttmlj.vta Uathm lorn mtniil 
Bft. In wbat doet tbe ut of balanolni, or walkini od a Top*, Adosiit 1 
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Bonth of FVaoce, are perhaps 
the only people who apply this 
*rt to the common borineEs of 
life. TbeM men walk on stilts 
&om four to Sve feet high ; and 
tbeir children, when quite 
yomig, who are intended to 
take the places of their &thera 
as shepherds, are tanght this 
art in order to qualify Uiem for 
business. 

To strangers, passing their 
district, these men cat a figure 
at once ludicrous and surpris- 
ing. Fiff. 42. But, it is for 
their own convenieiice that tihis 
singular custom has been adM>t- 
ed ; for, by this meaus the feet 
are kept out of the water which 
covers their laud in the winter, 
and from (be heated sand in the 
summer. Besides thcee com- 
forts, the sphere of vision owr a ****** <^ ^™^- 
fat country is materially increased by the elerotioii, so tiiat tbs 
shepherd can see his flock at a much greSiter distance than from 
the ground. 

By b^it, it is said these men acquire the art of balancing 
themselves so perfectly as to run, jump, and dance on these 
stills with perfect ease. They walk with surprising quickness, 
so that fooUnen have to do their best to keep up with them. 



228. It will ht TtmemhtTtd that inertia (22) is one of the in- 
. herent or 'e»»ential propertiet of matter, and that it iiin conte- 

quence of this property^ whm bodies are at rest, that they never 
move wilhottt the application of f&ree; and, when onee in 
motion, that they never cease moving without some external 
cause. (26.) 

229. Now, inertia, though, like gravity, it re^des equally in 
every particle of matter, must have, like it, a center in Mch par- 
ticular body, and this center is the same with that o( gravity. 

nr. Whtt iirineiiilg ■■ innlni <n Fig. 43. 338. WWtt <(hU torn inerbi *urt eo 
bodiuuralf WW kBM dM ll hivs on bodia in DatiMi 1 33>. b tbg nntH of ii 
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280. In a bar of iron, six feet long and two inches square, 
this center is just three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it will 
balance eauallj ; and, because there are equal weights on both 
ends, it will not fjEdl. 

231. But, suppose fig. 43. 
the same bar of iron, 
whose inertia was over- 
come by raising the 
center, to have balls of 
different weights at- 
tached to its ends; center of inertia. 

then the center of inertia would no longer remain in the middle 
of the bar, but would be changed to the point A, Fig. 43, so 
that, to lift the whole, this point must be raised, instead of the 
middle, as before. 

* 
SQUIUBUUM. 

232. When two farces counteract or balance each other, they 
are said to he in equilibrium. 

233. It is not necessary for this purpose that the weights 
opposed to each other should be equally heavy ; for, we have 
just seen that a small weight, placed at a distance from the 
center of inertia, will balance a large one placed near it. To 
produce equilibrium, it is only necessary that the weights on 
each side of the support should mutually counteract each other ; 
or, if set in motion, that their momenta should be equal. 

234. A pair of scales 

are in equilibrium when the fig. 44. 

beam is in a horizontal 

position. 

To produce equilibrium 
in solid bodies, therefore, it 
is only necessary to support 
the center of inertia or 
gravity. 

235. K a body, or sev- 
eral bodies, connected, be 
suspended by a string, as nquUiMum. 
in Pig. 44, the point of sup- 

S30. Where it the center of Inertia in a body or a lyitem of bodies 1 231. Whf it 
the point of inertia ehansed by fixing diflTerant weights to the ends of the iron bar 1 $33. 
What is meant by equilibrium 1 333. To produce equilibrium, must the weights be 
equal ? 834. When is a pair of scales in equilibrium 1 335. When a body is suspended 

- a string, wlme must the support he with respect to the point of inertia 1 
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EquUHrium. 



port is always in a perpendicular line, above the center of inertia. 
The plumb-line, D, cuts the bar connecting the two balls at this 
point. Were the two weights in this figure equal, it is evident 
that the hook, or point of support, must be in the middle of 
the string, to preserve the horizontal position. 

236. When a man stands 
on his light foot, he keeps 
himself in equilibrium by 
leaning to the right, so as 
to bring his center of grav- 
ity in a perpendicular line 
over the foot on which he 
stands. 

237. In the complex ar- 
rangement shown by Fip. 
45, equilibrium is preserved 
by the joint action of the 
two oblique forces, B and C. 
Place a walking-stick, F, on 
the edge of a table, so that 

it would &ill if lefl to itself. Then fasten to its end the 
rod C, and, to the end of this, tie tbe cord D, which is also tied 
to the cane at B. Next, suspend the weight, E, in the place 
shown in the figure, so that it will hang a foot or two under the 
edge of the table, where, if all is right, it will remain as firmly 
as though it wft tied to the table itself. In this case, the cen- 
ter of inertia is firmly supported by the table at F ; and, there- 
fore, it is not in danger of falling. 

CURVILINEAR, OR BENT MOTION. 

238. We have seen that a single force acting on a hody^ (190,) 
drives it straight forward, and that two forces acting crosstotsSy 
drive it midway between the two, or give it a diagonal direction^ 
(192.) 

Curvilinear motion difiers from both these ; the direction of 
the body being neither straight forward nor diagonal, but through 
a line which ii curved. 

This kind of motion may be in any direction ; but, when it is 
produced in part by gravity, its direction is always toward the 
earth. 

239. A stream of water from an aperture in the side of a 
vessel, as it falls toward the ground, is an example of a curved 

937. Explain Fi||r. 45. S38. What is meant by curvilinear motion 1 S30. What vn 
examples of this kind of motion 1 
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line; and, a body, passing through such a line, is said to haTd 
eurvilinear motion. Any body projected forward, as a cannon- 
ball or rocket, &lls to the eartn in a curved line. 

240. In jets of water, the shape of the curve will depend on 
the velocity of ike stream. When the pressure of the water is 
great, the stream, near the vessel, is nearly horizontal ; because 
its velocity is in proportion to the pressure. When a ball first 
leaves the cannon, it describes but a slight curve ; because its 
projectile velocity is then greatest. 

241. The curves described by jets of water under difiereni 
degrees of pressure, are readily illustrated by tapping a tall 
vessel in several places, one above the other. 

242. The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the mov- 
ing body ; but, whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable ; for, without 
consideration, most persons would assert, that, if two cannons 
were fired from the same spot, at the same instant, and in the 
same direction, one of the balls fsdling half a mile, and the other 
a mile distant, that the ball which went to the greatest distance 
would take the most time in peiforming its journey. 

243. But, the distance to which a ball will go depends on the 
force of impulse given it the first instant, and, consequently, on 
its projectile velocity. If it moves slowly, th^istance will be 
short ; if more rapidly, the space passed over will be greater. 
It makes no difiference, then, in respect to the descent of the 
ball, whether its projectile motion be fest or slow, or whether it 
moves forward at all. 

244. Falling of Cannon Balls, — ^This may be shown by ex- 
periment. Suppose a cannon to be loaded with a ball, and 
placed on the top of a tower, at such a height from the ground 
that it would take just four seconds for the ball to descend from 
it to the ground, if let fall perpendicularly. Now, suppose the 
cannon to be fired in an exact horizontal direction, and, at the 
same instant, the ball to be dropped toward th» ground. They 
will both reach the ground at the same instant, provided its 
surface be a horizontal plane from the foot of the tower to the 

place where the projected ball strikes. 

1 . i» 

340. On what does the shape of the corve depend ? 5Ml. How are the curves described 
by jets of water illustrated ? 342. What difference is there in respect to the time taken 
by a body to reach the ground, whether the curve be great or smalll SS43. Does it make 
any difference in respect to the descent of the ball whether it has a projectile motion or 
Doti 344. Suppose, then, one ball be fired from a cannon, and another let fall from the 
fame beight, at the same instant, would they ^oth reach the ground at the same Uro<> 1 
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245. Demorutration. — ^This is demonBtrated bj Fig. 46, 
where A is the cannon from which the ball is to be fired, A the 
vertical line of the descending ball, A, B, 1, a, the parallelo- 
gram through which the ball passes during the first second. 

Now the ball dropped in the vertical direction, will descend 
16 feet the first second, increasing its velocil^ according to the 
law of falling bodies already explained* Meantime the project- 
ed ball passing through the diagonal of the upper parallelogram, 
will arrive at 1, while the other falls to a. During the next 
second the vertical ball will fall to 6, while the other, in conse- 
quence of its projectile force, will pass through the diagonal of 
the parallelogram 6, 2, C, A. 

The same laws of descent being continued, it is obvious, that 
the two balls will reach dy 4, at the same instant. 



FIG. 46. 




Path tf a Cannon Ball 

246. From these principles, it may be inferred that the hori- 
zontal motion of a body through the air, does not interfere 
with its gravita^ng motaon toward the earth; and, therefore, 
that a rifle-ball,*or any other body, projected horizontally, will 
reach the ground in the same period of time as one that is let 
fell perpendicularly from the same height. 

247. The two force% .acting on b^ies which fall through 
curved lines, are the same as the centrifugal and centripetal 

245. Explain Fir. 46, ihowing the reason why the two balli will reach the groond at 
the same time. Why does the ball approach the earth more rapidly in the last part of the 
carve than in the first part 1 S46, What is the inference from these principles 1 SM? 
What is the force called which throws a ball forward 1 
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fbnxiE, Already explained ; tlie centrifugal, in the case of the ball, 
being caased b; the powder ; the centripetal, being the actitm 
of grarity, {19B.) 

248. P&rpetual .KeiK^tttum.—'K a projectile be thrown from 
an elevated sitnatiOQ, it is plun that it would strike at a greater 
distance tlian if thrown on a level ; because it would remain 
longer in the wr. Eywy 

one knows that he can ^^- *'■ 

throw a stone to a greater 
distance when standing on 
a steep hill than when 
standing on the plain 

249. Suppose the circle, 
Fiff. 47, to be the earli, 
and A, a high mountain 
on its surface. Suppose 
that this mountain reaches 
above the atmoephere, or 
b fifty miles high ; then a 
caiman-bail mi^tperhapa 
reach from A to B, a dis- 
tance of eighty or a hun- Ptrytual XtMlnttn ^ a BaO. 

dred miles ; because the 

resistance of the atmosphere being out of the calculation, it 
would have nothing to contend with except the attraction of 
gravitation. H then, one degree of force, or velocity, would 
send it to B, another would send it to C ; and, if the force was 
increased three Umes, it would fall to D ; and, if four times, it 
would pass to E. If, now, we suppose the force to be about ten 
limes greater than that with which a cannon-ball is projected, 
it would not hW to the earth at any of these points, but would 
continue its motion until it again came to the point A, the p1ac« 
from which it was first projected. 

250. It would now be in equilibrium, the centrifugal force 
being just equal to that of gravity ; and, therefore, it would per- 
form another and another revolution, and so continue to revolva 
around the earth perpetually. 

251. It is these two forces which retain the heavenly bonlieo 

348. Wbu ji UiKt called whieb brirp it to Uh pignil 1 SM. Bappoa tbe nlacitToT 

"n'wumbtig" I "wbjF 
srlli^ aSI. AAh Ih* 
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in their orbits ; and, in the case we have supposed, our cannon- 
bail would become a little satellite, moving perpetually round 
the earth. 

GUNNERY. 

252. Law and Forcb of PBOJKCTiLKs.-^Ever since the dis- 
covery of gunpowder, the laws of proJ<^ctiles have been studied 
with attention, as being of importance in the art of war. Many 
learned and elaborate works have been published on the subject, 
but our limits will only admit the insertion of a few of the most 
important principles of Gunnery. 

253. . A projectile, as a bullet from a gun, unless it has a ver- 
tical direction, is acted on by two forces, that of projection, 
which carries it forward, and that of gravity, which draws it 
downward. Its path, therefore, is a curve, called a parabola, 

254. The distance to which the ball will fly depends on the 
force of projection ; since, if its direction is horizontal, its £a11 
toward the earth by the force of gravity (249) will be the same, 
whether its velocity be great or small. 

255. The resistance of the atmosphere, is the great impedi- 
ment to the effects of projectile forces. Thus it has been de- 
monstrated that a 24-lb. cannon-ball, discharged at an elevation 
of 45**, and at the velocity of 2,000 feet per second, would, in 
vacuo, reach the horizon-distance of 125,000 feet, but the re- 
sistance of the air limits its range to 7,300 (eet. 

256. Velocity of thb Ball. — ^There are several methods- 
of computing the velocity of tht ball, one of which is by means 
of the Ballutic . pendulum, Th\3 is a thick, heavy block of 
wood, so suspended as to swing freely about an axis, and into 
this the ball is fired. The weight of the ball and that of the 
block being known, the velocity is found by the degrees of mo- 
tion given to the pendulum, which is accurately measured by 
machinery, 

257. Becoil of the Gun, — ^Another method of finding the 
velocity of the ball, is by means of the recoil of the gun. This 
method is fdunded on the supposition that the explosive force 
of the powder communicates equal quantities of motion to the 
gun and ball, in opposite directions. Hence, by suspending the 
gun, loaded with weights, like a pendulum, the extent of its arc 
of vibration, will indicate the force of the charge, and by know- 
ass. Why aw the laws of projectiles viewed important t 253. What two forces act on 

projectiles 1 What is the path of a projectile called ? 254. On what does the distano* 
of a projectile depend 1 255. What is said of atmospheric lesistanoet 356. What it 
the eonstraetion of the ballistic pendulum 1 357. What is the other method of estimating 
the ▼elecitT of tht ball 1 
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ing the weights of the gun and ball, its velocity is indicated. 
By such means, Dr. Hutton constructed the following table : — 





Ydoeity per Second. 


Dirtanoa. 


Tims of Flight. 


Ouncea. 

2 

4 

8 

12 


Feet. 

800 
1,230 
1,640 
1,680 


Feet 

4,100 
4,100 
6,000 
6,700 


Seconds. 

9 
12 
144 
15| 



258. Experiment shows that the velocity of the ball increases 
with the charge, to a certain extent, which is peculiar to each 
gun, after which, the increase diminishes the force, until the 
bore is quite fiill. 

259. The greatest velocity of a ball known, is about 2,000 
feet per second, and this from a cannon. This velocity dimin- 
ishes, soon after it leaves the gun. 

260. Power and Destruction. — ^The penetration of the ball 
is as the square of its velocity. Hence, when the object is 
merely to penetrate, as in the breaching of a fortification, the 
greatest velocity is given. But in naval combats, the utmost 
velocity is not the most injurious, the most destructive balls 
being such as merely pierce the ship's sides. 
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261. The processes by winch percussion caps are made at 
the establishment of Mr. Mc^ntyre, in the city of Hartford, Ct, 
are as follow : — 

262. First, — ^The copper is rolled to about the thickness of 
stout brown paper, and is then cut into strips three-fourths of 
an inch wide, and several yards long. The end of such a strip 
being placed between the rollers of a cutting and punching 
machine, invented for this purpose, the whole, without further 
attention, is cut into star-like pieces of the form and size repre- 
sented by Mg, 48, A being the piece cut out, and B, th* 
appearance of the strip of copper after the operation. 

These pieces are instantly -moved, by the same engine, under 
the punch, by which they are driven through a finely creased 
die, and are thus formed into caps which fall into a vessel 
below. 

SSO. How far does the veloeitT of the ball increate with that of the charge f 900. 
What it the greatest yeloeitj of a belli 961. What velocitj of the ball is mostd«- 
itruetiye 1 



PaRCDSBION { 



^^ ^3yi>ilitJiit3yiJ 
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These stellate pieces, bein^ struck by the punch in the center, 
tlie eitremitiee are thus brought into contact, but not joined, so 
that the caps consist of four portions connected at the bottom, 
like the four quarters of an oran^ peel. 

When the caps are exploded by the hammer, these quarters 
open and thus prevent the tearing of the metal which, tf solid, 
would be apt to fly into fi-agmente and thus endanger the 
eyes. 

263. Second. — ^The caps are next placed in a revolving 
cylinder contMning aaw-dust, by which they are made clean 
and bright 

They are now ready to receive the fulminating powder, the 
explosion of which seta fire to the powder in the gun-barr^ 

The caps are now placed, a handful at a Ume, on a sheet of 
iron, three feet long, sight inches wide, and the fourth of an 
inch thick, pierced with holes a quarter of an inch apart, as 
shown by Fig. 49. This being placed in a horizontal position, 
and shaken, the caps find their way into the apertures, with 
their open ends up, in a manner that ia quite surprizing. 
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264. Third. — A piece of brass plate, of the exact size c 
that containing the caps, is pierced with apertures to corref 
pond with eadi and every cap, but smaller in size, as show 
\>y Fiff. 50. 

This plate, being about the sistb of an inch thick, ia Uud o 



PXaCDSBIOH 0AP8. 



ft Binootli surface, and tlie fulminating compound, a little 
moistened by gum-wat«T, is mbbed into the apertures with the 
hand, where it adheree, that remaining on tlie sorface being 
rubbed off. 

265, Fourth. — This braas plate, being Iwd on that contain- 
ing the cape, each aperture corresponding to a cap, the powder, 
by means of a brush, is made to fail into tlie caps. 

266, Fifth. — The caps are now charged with the powder, 
in a loose atate, and requires a gentle pressure to fix it in itfl 
place. 

This is done by placing the plate, containing them, bs above 
described, under rows of punches, which are worked with a little 
cam en^ne, and by which the punches are lifted, while the 
plate is moved forward, by means of a click and notches, so 
as to correspond exactly with the fai) of the punches, by the 
pressure of which, the powder is fixed in its place. 

267, Sixth. — The best caps are varnished, in order to pro- 
tect them from moisture. It being the powder only which 
requires this protection, in France it is done with a little brush 
on each cap held in the fingers. But Mr. Mclutyre has in- 
vented a much more expeditious way. and which insures the 
same quantity in eHcb cap. 

This is done by a small machine, consisting of two cams ; a 
click working in horizontal nolchcs, and a crank, by which 
the whole is moved. On the platform or bed of this, is laid 
the plate, Fiff. 49, containing the caps, (263,) and on working 
the machine, two dozen blunt metallic points are alternately 
dipped into a little trough containing copal vaniish, and then 
into the caps, these being moved by the click, to correspond 
"ith the revolution of the cams by which the motions of these 
points are produced. In this way hundreds of caps are var- 
nished in a few minutes. 

2SR. Seventh. — The edges of tb« best cap* are polished. 
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one at a time, by holding them with pliers for a second on a 
spindle of steel, revolving a thousand times a minute, the point 
of which enters the cap, the edge rubbing against a shoulder, 
by which the work is done. 

With two engines, as above described, the proprietor esti- 
mates the number of caps made per day, to be about 100,000, 
a market being always ready for all he can make. 

RBSULTAirr MOTION. 

269. Resultant motion consists in the operation of two, or 
more, forces, the joint action of which, results in unity of effect. 

27i Apple thrown from one boat to the other. — Suppose two 
men to be sailing in two boats, each at the rate of four miles an 
hour, at a short distance opposite to each other, and suppose as 
they are sailing along in this manner, one of the men throws the 
other an apple. In respect to the boats, the apple would pass 
directly across from one to the other, that is, its line of direction 
would be at right-angles with the sides of the boats. But its 
actual line through the air would be oblique, or diagonal, in res- 
pect to the sides of the boats, because, in passing from boat to 
boat, it is impelled by two forces, viz., the force of the motion 
of the boat forward, and the force by which it is thrown by the 
hand across this motion. 

271. Resultant motion. 
— ^I'his diagonal motion 
of the apple is called 
the resultant, or the re- 
sulting motion, because it 
is the eflPect or result of 
two motions resolved into ' e H 

one. Perhaps this will be Diagonal Motion. 

more clear by Fig. 61, 

where A B, and C D, are supposed to be the sides of the two 
boats, and the line EF, that of the apple. Now the apple, 
when thrown, has a motion with the boat at the rate of four 
miles an hour, from C toward D, and this motion is supposed 
to continue just as though it had remained in the boat. 

272. Had it remained in the boat during the time it was 
passing from E to F, it would have passed from E to H. But 

. 969. What ii meant by retaltant motion 1 Suppose two boats sailing at the same rate 
and in the same direction, if an apple be tossed troni one to the other, what will be its 
direction in respect to the boats 1 What would be its line throngh the air in respect to 
the boats ? 274. What is this kind of motion called 1 Why is it called resultant motion 1 
Explain Fir. 51. 273. Why would the line of the apple be actually at right-angles in 
respect to the boats, but oblique in respect to parallel lines drawn from where it was tiirown 
and where it struck 1 How is this further illustrated 1 
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we suppose it to have been thrown at the rate of eight jniles an ' 
hour, in the direction toward G ; and if the boats are moving 
south, and the apple thrown toward the east, it would pass in 
the same time twice as far toward the east as it did toward the 
south. Therefore, in respect to the boats the apple would pass 
at right-angles from the side of one to that of the other, ^ 
because they are both in motion. But in respect to a right 
line, drawn from the point where the apple was thrown, and a 
parallel line with this, drawn from the. point where it strikes 
the other boat, the line of the apple would be oblique. 

273. On the above principle, if two ships, during a battle, 
are sailing before the wind at equal rates, the aim of the gun- 
ners will be exactly the same as though they stood still ; where- 
as, if the gunner fires from a ship standing still at another under 
sail, he takes his aim forward of the mark he intends to hit ; 
because the ship would pass a little forward while the ball is 
going to her. 

274. And, so, on the contrary, if a ship in motion fires at an- 
other standing still, the aim must be behind the mark ; because, 
as the motion of the ball partakes of that of the ship, it will^ -» 
strike forward at the point aimed at. 

275. For the same reason, if a ball be dropped from the top- 
mast of a ship under sail, it partakes of the motion of the ship 
forward, and will fall in a line with the mast, and strike the same 
point on the deck as though the ship stood still. 

It is on this principle that, if a cannon-ball be shot up verti- 
cally from the earth, it will fall back to the same point ; for, al- 
though the earth moves forward while the ball is in the air, yet, 
as it carries this motion with it, so the ball moves forward, also, 
in equal degree, and, therefore, comes down at the same place. 

HOROLOGT. 

276. This term, derived from the Greek, means, to indicate 
the hour. It is the science of time-keeping. 

277. For this purpose, a great variety of instruments have 
been invented, by some of which time was measured by the 
dropping of water, as in the clepsydra, or water-clock ; in others, 
by the running of sand, as in the hour-glass, or by the revolu- 
tion of the sun, by means of the gnom(m, or sun-dial. But, 

273. When the ships are in eanal motion, where does the gunner lake hi* aim 1 Why 
does he aim forward of the mark when the other ship is in motion ? VIA, If a ship in 
motion fires at one standing still, where most be the aim ? Why, in this case, must the 
aim be behind the mark 1 5275. What other illustrations are given of resultant motion 1 
S76. What is the meaning of horology 1 277. What were the aneient methods of keep- 
ing time 1 
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these andent methods have given place to the modern inven* 
lion of clocks, regulated by the pendulum^ and watches, regu* 
lated by a balance-wheel. 

FBNOULUM. 

278. A pendulum is a heavy body^ such ae a piece of bratM 
or lead, suspended by a wire or eord^ so €U to swing backward 
and forward. 

When a pendulum swings, it is said to vibrate ; and, that 
part of a circle through which it vibrates, is called its arc. 

21 9, The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or less part of 
its arc. 

Suppose A and ^^' ^ 

B, Fig. 62, to be 
two pendulums of 
equal length, and 
suppose the weights 
of each are carried, 
the one to C, and 
the other to D, and 
both let fall at the 

same instant; their Pmrfitfam 

vibrations would be 
equal in respect to time, the one pass- 
ing through its arc from to E, and 
so back again in the same time that the 
other passes from D to F, and back 
again. 

280. The reason of this appears to 
be, that when the pendulum is raised 
high, the action of gravity draws it 
more directly downward, and it there- 
fore acquires in falling a greater com- 
parative velocity than is proportioned 
to the trifling difference of height. 

281. Common Clock, — In the com- 
mon plock, the pendulum is connected 
with wheel- work, to regulate the mo- 
tion of the hands, and with weights or 
springs, by which the whole is moved. 
The number of vibrations which a 

878. What ii a pendulum 1 279. What is mean^bytha vibration of a peodnlam 1 
What is that part of a circle called through which it swings 1 280. Why does the md 
dalam vibrate in equal time whether it goes through a small or large part of its are 1 

d* 
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pendoium makes in a given time depends upon it& lengtb ; be- 
cause a long pendulum does not perform its journey to and from 
the corresponding points of its aro so soon as a short one. 

The parts concerned in the prime movements of the clock arp 
shown by Fig, 53, of which A is the escapement^ B the croton" 
wheels the pendulum-rod^ and D the weight. 

282. As the motion of the clock is regulated entirely by the 
pendulum, and as the number of vibrations are as its length, the 
least variation in this respect will alter its rate of going. To 
beat seconds, its length must be about thirty-nine inches. In 
the common clock, the length is regulated by a screw, which 
raises and lowers the weight But, as the rod to which the 
weight is attached is subject to variations of length, in conse- 
quence of the change of the seasons, being contracted by cold 
and lengthened by heat., the common clock goes &ster in winter 
than in summer. 

In the small clocks of the present day, the pendulum oscil- 
lates twice, and sometimes more, in a second, 
and consequently the crown- wheel must have 
sixty or more teeth, the second-hand perform- 
ing two or more revolutions in a minute. 

The length of a pendulum beating two 
seconds is the square of that beating 
seconds. If the length of the seconds 
pendulum be 39-}- inches, then that beat- 
ing two seconds will be about 1 3 feet. 

A pendulum beating half seconds is, in 
length, as the square root of that beating 
seconds, or about 10 inches long. 

283. Gridiron Pendulum. — Various 
means have }^n contrived to counteract 
the effects of atmospheric changes, so that 
the pendulum may continue the same length 
the whole year. Among inventions for 
this purpose, the gridiron pendulum is 
considered among the best. It is so called, 
because it consists of several rods of differ- 
ent metals, connected together at each end. 

284. The principle on which this pendu- 
lum is constructed is derived from the fact oridiron Pevdvitim. 




281. On what depends the number of yibrations which a pendolnm makes in a riren 
time ? What is the medium lensth of the pendaluin beating seconds 1 Why does a 
common clock go faster in winter than in summer 1 What is necessary in respect to the 
pendulum to make the clock ^ tfue the year round 1 383. Wha| is the principle oa 
which the gridiron pendulum is constructed t 



PSNDULUM. 67 

that aome metals dilate more by the same degrees of heat 
than others. Thus, brass will dilate about twice as much by heat, 
and, consequently, contract twice as much by cold, as steel. If, 
then, these differences could be made to counteract each other 
mutually, given points at each end of a system of such rods 
would remain stationary the year round ; and, thus the clock 
would go at the same rate in all climates, and during all 
seasons. 

285. Suppose, then, the steel bars A B are firmly fixed to 
cross-bars at each end, as seen by Mp, 54, and that on the lower 
cross-bar, the brass rods 1 2 are also fixed, then the steel bars can 
expand only downward, and the brass ones only upward. Now, 
as the pendulum rod passes through the lower cross-bar, and 
is fixed to the upper cross-piece of the brass rods, it will be 
seen that the elongation of the two metals by heat mutually 
counteract each other ; and, therefore, that the point of suspen- 
sion, a, and the pendulum-weight, 6, will always remain at the 
same distance from each other. It is found by experiment that 
the expansion of brass to that of steel is in the proportion of 
100 to 61. 

286. Gfravity varies the Vibrations. — ^As it is the force of 
gravity which draws the weight of the pendulum from the 
highest point of its arc downward, and, as this force increases or 
diminishes as bodies approach toward the center of the earth, 
or recede from it, so the pendulum will vibrate faster or slower 
in proportion as this attraction is stronger or weaker. 

287. Now, it is known that the earth at the equator rises 
higher from its center than it does at the poles ; for, toward the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
more rapidly. For this reason, a clock that wo\jld keep exact 
time at the equator would gain time at the poles ; for, the rate at 
which a clock goes depends on the number of vibrations its pen- 
dulum makes. Therefore, pendulums, in order to beat seconds, 
must be shorter at the equator, and longer at the poles. 

For the same reason, a clock which keeps exact time at the 
foot of a high mountain, would move slower on its top. 

384. What are the metals of which thii instrament is made ? 285. Explain Fig. 54, and giva 
the reason why the length of the pendulum will not change by the variations of tempera- 
ture. 286. What is the downward force which makes the pendulum vibrate 1 Explain 
the reason why the same clock would go faster at the poles and slower at the equator. 
987. How can a clock, which goes true at the equator, be made to go true at the poles 1 
Will a clock keep equal time at the foot and on the top of a high mountain 1 Why wil 
itnoti 
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CHAPTER lY. 

Jx( MECHANICS. 

288. M9chamc9 is a science which investigates the laws and 
effects of force and motion. , 

280. The practical object of this science is to teach the best 
modes of overcoming resistance by means of mechanical powers^ 
and to apply motion to useful purposes by means of machinery,) 

290. A machine is any instrument by which power, motion, 
or velocity, is applied or regulated. / 

291. A machine may he very simple, or exceedingly com- 
plex. Thus, a pin is a machine for fastening clothes, and a 
steam-engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual construc- 
tion of a new or untried machine; for, if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed ; having found, when too late, that, 
his time and money had been thrown away, for want of proper 
reflection, or requisite knowledge. 

K a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia or 
weight, to be moved — the force to be applied — the strength of 
the materials, and the space or situation he has to work in. 
For, if the force applied, or the strength of the materials be in- 
sufficient, his machine is obviously useless ; and, if the force and 
strength be ample, but the space be wanting, the same result 
must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find ^o difficulty in respect to 
power, strength of materials, or space to work in ; but, if the 
velocity, direction, and kind of motion he obtains, be not appli- 
cable to the work intended, he still loses his. labor. 

Thousands of machines have been constructed, which, so &r 

388. What ii meehanici 1 389. What n the ohject of this science 1 390. What ta m 
maehineY 891. Bfention one of the meet simple, and one of the moit oomplaz of 
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as regarded the skill of the workmen, the iogenuity of the con- 
triver, and the construction of%e individual parts, were models 
of art and beauty ; and, so far as could be seen without trial, 
admirably adapted to the intended purpose. But, on putting 
them to actual use, it has too often been found that their only 
imperfection consisted in a stubborn refusal to do any part of 
the work intended. 

Now, a thorough kno^edge of the laws of motiol^, and the 
principles of mechanics, would, in many instances, at least, have 
prevented all this loss of labor and money, and spared him so 
much vexation and chagrin, by showing the projector that his 
machine would not answer the intended purpose. 

The importance of this kind of knowledge is, therefore, 
obvious, and, it is hoped, will become more so as we proceed. 

DEFINITIONB. 

292. In mechanics, as well as in other sciences, there are 
words which must \>e explained, either because they are com- 
mon words used in a peculiar sense, or because they are terms 
of art not in common use. All technical terms will be, as much 
as possible, avoided ; but, still, there are a few which it is neces- 
sary here to explain. . 

293. Forceps the means by which bodies are set in motion, 
kept in motion, and, when moving, are brought to rest 
The force of gunpowder sets the ball in motion, and keeps 
it moving until the force of the resisting air, and the force 
of gravity, bring it to rest. 

294. Power is the means by which the machine is moved, 
and the force gained. Thus, we have horse-power, water- 
power, and the power of weights. 

295. Weight is the resistance, or the thing to be liioved by 
the force of the power. Thus, the stone is the weight to 
be moved by the force of the lever or bar. 

296. Fulcrum, or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the' thing on which the lever rests is the 
fulcrum. 

297. In mechanics, there are a few simple machines called 
the mechanical powers ; and, however mixed or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

S93. What is meant by force in mechanic* 1 394. What is meant by power 1 S96. 
What is undentood by weight 1 S96. What is the falcnim 1 297. An the mechanieal 
powen namerous, or only few in number ? 
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We shall not here burden the memory of the pnpil with the 
names of these powers, of the nature oC which he is, at present, 
supposed to know nothing, but shall explain the action and use 
of each in its turn, and tiien sum up the whole for his accom- 
modation. 
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298. In foreign books, we often meet with the names of 
measures which are unknown in this country. On this account, 
we insert the following : — 

- COMPARISON OF MEASURES OF DIFFERENT COUNTRIES. 





Foot. 


loehai. 


fJne*. 


Milli. 


England and United States, . 
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THE LEVER. 

299. Anj/ rod or bar, which is used in raising a weight, or 
surmounting a resistance, by being pla^ced on a fulcrum or prop, 
becomes a lever. Levers are simple and compound, 

300. Simple levers are of three kinds, namely : first, where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight. 

SOI. First Kind, 
— The first kind is 
represented by Fig, 
55, being a straight 
rod of iron, called 
a crowbar, in com- 
mon use for raising 
rocks and other 
heavy bodies. The smpiei^er. 



FIG. 55. 




S8Q. What it a lerer 1 300. What are tha three kinda of limpla leTen ? 301. What 
to tha «iroi»la«t of all maehanieal powan 1 Explain Fig. 55. 
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•tone, B, is the weight, A the lever, and the fulcrum ; the 
fower being the hand of a man applied at A. 

It will be observed, that, by this arrangement, the application 
of a small power may be used to overcome a great resistance. 
\ 302. The force to be obtained by the lever depends on its 
length, together with the power applied, and the distance of the 
weight and power from the fulcrum. 

« 

FIG. M. 



T 

B 





Lunvr— Un$qtuU Jtnu. 

308. Suppose, Fig, 66, that A is the lever, B the fulfirum, D 
the weight to be raised, and C the power. Let D be considered 
three times as heavy as C, and the fulcrum three times as far 
from €1 as it is froin D ; then the weight and power will exactly 
balance each other. Thus, if the bar be four feet long, and the 
fulcrum three feet from the end, then three pounds on the long 
arm will weigh just as much as nine pounds on the short arm, 
and these proportions will be found the same in all cases. 

304. When two weights balance each other, the fulcrum is 
always, at the center of gravity between them ; , and, therefore, 
to make a small weight raise a large one the fulcrum must be 
placed as near as possible to the large one, since, the greater the 
distance /ro^n the fulcrum the small weight or power is placed, 
the greater will be its force. 



TIG. 57. 





1 



Lmer-'DmMe Weights. 



301. Which is the weight 1 Where ii the fnleruml Where ii the power applied f 
What is tbepower in this case 1 303. On what does the force to he obtained by the lerer 
depend 1 303. Suppose a lever four feet long, and the fulerom one foot from the end. 
what aamber of pounds will balance each other at the endsl 304. When weigbta bal 
aoee eaeh other, at wlwt point between them must the ftilerun be 1 
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305. Suppose tlie weight B, Fig, 57, to be sixteen pounds, 
and suppose the fulcrum to be placed so near it as to be raised 
by the power A, of four pounds, hanging equally distant from 
the fulcrum and the end of the lever. If now the power A be 
removed, and another of two pounds, C, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

306. But, let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds^ instead 
of two pounds, to balance it. Fig. 58. 

FIG. sa 





lAVVr—Equal JSrm*. 

Thus, the power which would balance sixteen pounds, when 
the fulcrum is in one place, must be exchanged for anoUier power 
weighing eight times as much, when the fulcrum is in another 
place. 

307. From these investigations, we may draw the following 
general truth, or proposition, concerning the lever : " That the 
force of the lever increcbsea in proportion to the distance of the 
power from the fulcrum^ and diminishes in proportion as the 
distance of the weight from the fulcrum increases^ 

308. From this proposition, may be drawn the following rule, 
by which the exact proportions between the weight or resist- 
ance, and the power may be found. Multiply the weight hy its 
distant from the fulcrum ; then multiply the power hy its dis- 
tance from the same point, and, if the products are^.e^vmiaite 
weight and the power ihiM balance each other. ^ -^ -^JlH^ 

309. Suppose a weight of 100 pounds onJtb© short arm of 
a lever, 8 incnes from the fulcrum, then another Veight or power, 
of 8 pounds, would be equal to this, at the distance of 100 
inches from the fulcrum ; because, 8 multiplied by 100 is equal 

305. SuppoM a weiffht of 16 pounds on the short arm of a lever is counterbahinoed by 
4 pounds in the middle of the lone arm, what power would balance this weight at th« 
end of the lever 1 906. Suppose the fulcrum to be moved to the middle of the lever, 
what power would then be equal to 16 pounds 1 307. What is the general proposition 
drawn from these results 1 2N^. What is the rule for finding the propoitiona between the 
weight and power 1 309. Give an illustration of this rule. 
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to 800 ; and, 100 multiplied by 8 is equal to 800, and, thuM 
they would mutually counteract each other. 

•310. Many instruments 
in common use are on the fig. so 

Erinciple of this kind of 
jver. Scissors, Fig, 69, 
consist of two levers, the 
rivet being the fulcrum 
for both. The fing^ are 
the poweTy and the doth 
to be cut the resistance to 
be overcome. Ttoo Leven. 

Pincers, forceps^ and 
sugar-cutters, are examples of this kind of lever. 

311. A common scale-beam^ used for weighing, is a lever, 
Buspended at the center of gravity, so that the two arms balance 
each other. Hence, the machine i^ called a balance. The ful- 
crum, or what is called^ the pivot,) \& sharpened, like a wedge, 
and made of hardened steel, as much as possible to avoid 
friction. 

312. A dish is suspended 
by cords to each end or arm 
of the lever, for the purpose 
of holding the articles to be 
weighed. When the whole 
is suspended on a point at 
the center, Fig, 60, the 
beam or lever ought to re- 
maan\ in a horizontal posi- 
tion, one of its ends being 
exactly as high as the other. 
If the weights in the two 
dishes are equal, and the 
support exactly in the cen- 
tettyilkey will always hang 
as rej^A^Bented in^lie figure. 

313. A very sli^t varia- 
tion of the poinrf of support 

toward one end of the lever, will make a difference in the 
weights employed to balance each other. In weighing a ^ound 
of sugar, with a scale-beam of eight inches long, if the point of 

3J0. What iDitruments operate on the prineipla of thia lever 1 311. Id the eommoB 
■eale-beam, where u the fulcrum 1 313. In what pouUoa ouf ht the Kala-heam to haof 1 
313. How may a fraudulent icale-beam be made 7 
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support b half an inch too near the weight, the buyer would be 
cheated nearly one ounce, and, consequently, nearly one pound 
in every sixteen pounds. This fraud might instantly be detected 
by changing the places of the sugar and weight ; for, then, the 
difference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

314. The steelyard fig. 6i. 

differs from the balance 
(in having its support 
near one end, instead 
of in the middle, and 
also in having the 
weights suspended by 
hooks, instead of being steafard. 

placed in a dish. 

If we suppose the beam to be 7 inches long, and the hook, 
0, JFHff, 61, to be one inch from the end, then the pound weight 
A will require an additional pound at B for every inch it is 
moved from it. This, however, supposes that the bar will bal- 
ance itself before any weights are attached to it. 
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Levtr of the SecMid Kind. 

316. Second Kind. — ^The second kind of lever is represented 
by Fiff, 62, where W is the weight, L the lever, F the fulcrum, 
and P a pulley, over which a string is thrown, and a weight 
suspended, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing dowti the long arm, 
which is called ^;pryin^^ In the second kind, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
and this is called lifting. 

313. How may the cheat be detected 1 314. How doei the eteelyard differ from the 
balance 1 315. In the first kind of lever, where is the faleram, in respect to the weight 
and power t In the second kind, where is the fulcrum, in respect to the weight and 

(ewerl What it the action of the first kind ealled 1 Whtt i> tU »e|ion of the eecond 
ifHleiaieAl 
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316. Levers of the second kind are not bo oonmion as ib» 
fiist, but are frequently used for certain purposea. The oan of 
a boat are examples of the second kind. The water, against 
which the blade of the oar pushes, is the fulcrum ; the boat is 
the weight to be moved, and the hands of the man the power. 

317. -Two men, carrying a lo.^ between them on a pole: is 
also an example of this kind of lever. Each man acts as the 
power in moving the weight, and, at the same time, each be- 
comes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man toward 
whom it goes has to bear more of it in proportion as its dis- 
tance from him is less than before. 

FIG. 63. 





Lever^ Unequal Arm*. 

318. A load at A, Fig, 68, is borne equally by the two men, 
being equally distant from each other ; but, at B, three-quartern 
of its weight would be on the man at that end, because three- 
quarters of the length of the lever would be on the side of the 
other man. 

319. Third Kind, — ^In the third and last kind of lever, the 
weight is placed at one end, the fulcrum at the other end, and 
the power between them ; or, the hand is between the fdlcrum 
and the weight. 

FIG. 64. 



c^ 





Lever ef ike Third Kind, 



316. Give examples of the aeeond kind of lerw. 317. In rowing a boat, what if Um 
falenmi, what the weight, and what the power 1 3ia What *^^«Si^*^i^^ ^A 
firineiple aie given 1 3197 la the thlid kind of lever, where pre the leepective plaeei of 
the weight, power, and fblerom 1 
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This is represented by Mg. 64, where C is the fulcmm, A 
ttie power, suspended over the pulley B, and D is the weight 
to be raised. 

320. This kind of lever works to great disadvantage, ;since 
the power must be greater than ^e weight, j It is, tiierefore, 
seldom used, except in cases where velocity and not force is 
required. In raising a ladder from the ground to the roof of a 
house, men are oliliged sometimes to make use of this principle, 
and tlie great difficulty of doing so illustrates the mechanical 
disadvantage of this kind of lever. 

We have now described the three kinds of levers, and, we 
hope, have made the manner in which each kind acts plain, by 
illustrations. But, to make the difference between them still 
more obvious, and, to avoid all confusion, we will here compare 
them together. 

FIG. 65. 




Wk 



FIG. 66. 



321. In Fi^, 65, the weight and hand -both act downward. 
In 66, the weight and blind act in contrary directions, the hand 
upward and the weight downward, the weight being between 
them. In 67, the hand and weight also act in contrary direc- 
tions, but the hand is between the fulcrum and the weight. 



..J. What is the diiadvantan of this kind of lever 1 Give an exampl* of the use of 
the third kind of lever. 321. In what direction do the hand and weight act, in the fint 
kind of l^er 1 In what direction do fhtf act in the second kind In what direction do 
Iber act in the third kind 1 
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7^ Levers Compared. 

322. Compound Lbvbr.— ^Wben several simple levers are 
connected together, and act one upon the other, Uie machine is 
called a compound lever. In this machine, as each lever acts as 
an individual, and with a force equal to the action of the next 
lever upon it, the force is increased or diminished, and becomea 
greater or less in proportion to the number, or kind of levers 
employed. 

^ We will illustrate this kind of lever by a single example, but 
must refer the inquisite student to more extended works for a 
full investigation of the subject. 
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Compound Lever, 

Fig, 68 represents a compound lever^ consisting of three 
simple levers of the first kind. 

323. In calculating the force of this lever, the rule applies 
which has already been given for the simple lever, namely : 
The length of the long arm is to he multiplied by ike moving 
power, and that of the short one, by the weight, or resistance. 

324. Let us suppose, then, that the three levers in the 
figure are of the same length, the long arms being six inches, 

2SSL What is a compound lever? 333. By what role is the force of the compoand tsver 
calculated 1 324. How many pounds weight will be raised by three levers cooMctad, of 
lix iochee each., with the fulcrum two inches fr<^ the end, by a power of oim pound 1 
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and the short ones two inches long; required, the weight 
which a moving power of 1 pound at A will balance at B. In 
the first place, 1 pound at A, would balance 3 pounds at E, for 
the lever being 6 inches, and the power 1 pound, 6x1=6, 
and the short one being 2 inches, 2x3=6. The long arm 
of the second lever being also 6 ii^ches, and moved with a 
power of 3 pounds, multiply the 3 by 6 = 18; and mul- 
tiply the length of the shoit arm, being 2 inches, by 9=18. 
These two products being eaual, the power upon the long arm 
of the third lever, at D, would be 9 pounds. 9 pounds X 6= 
54, and 27 X 2, is 54 ; so that 1 pound at A would balance 27 
atB. 

The increase of force is thus slow, because the proportion 
between the long and short arms is only as 2 to 6, or in the 
proportions of 1, 3, 9. 

325. Now suppose the long arms of these levers to be 18 
inches, and the short ones 1 inch, and the result will be sur- 
prisingly different, for then 1 pound at A would balance 18 
pounds at E, and the second lever would have a power of 1 8 
pounds. This being multiplied by the length of the lever, 
18X18=324 pounds at D. The third lever would thus be 
moved by a power of 324 pounds, which, multiplied by 18 
inches for the weight it would raise, would give 5,831 pounds. 

326. The compound lever is employed in the construction 
of weighing machi'nes^ and particularly in cases where great 
weights are to be deter- 
mined, in situations where 
other machines would be in- 
convenient, on account of 
their occupying too much 
space. 

327. Enxb Leysr. — ^A 
compound instrument, called 
the Knee Lever^ is used in 
various kinds of machinery, 
the principle of which is ex- 
plained by Fig, 69. 

This combination consists 
of a metal rod, A B*, having 
a joint at A, above which 
tiiere is a firm support. At 
C is another rod, or bar, jsrnee Lever, 

ass. If the loDf oimf of the leTen be eighteen inches, and the short ones one inch, how 
mueh will a power of one poond baUnee f 326. In what machines is the eonpound level 
iip l oyad 1 1M7. Bxplate the prineiple of the Knee Lever, Fig. 80. 



FIG. 69. 




LBVBR. i9 

jcantod to the long lever, aod terminating at O, where then 

IB still unother joint, Attached to a movable platform, on which 
the force of the two levers are eierted. 

Now when B is pushed toward the- verUcal position, the 
force on the joints A and G, is constantly increased, until the 
two bare become perpendicular, when The pressure exerted, is 
augmented to nearly an indefinite degree. 

328. Rations engines for pressing paper, and for printing, 
are constructed on this principle, and it is said they are un- 
eqnaled in power, except by the Hydrostatic press. 



Snfitt.rtlei Lnrr. 

829. Safey-vaUe Lever. The application of the lever of tha 
first kind, Fig. 70, for the purpose of indicating the pressure 
of steam, is common to all kinds of steam engines. The ftil- 
cmm A, of this lever is a point resting on the conical valve 
B, around whidi the steam passes, and the pressure of which, 
is indicated by the rising of the weight C. The length of the 
lever, and the nnmber of pounds at C, shows the pressure on 
the square inch, this being the size of the valve. 



330. The mechanical power, neit to the lever in arr 
ment,'is the wheel awl axle. It is, however, mnch more 
plex than the lever. pis.Ti. 

331. It consists of two wheels, 
one of which is ]a»;er than the 
otherj but the small one passes 
through the larger, and hence 
both have a common center, on 
which they turn. 

332. The manner in which 
this machine acta will be under- 
stood by Fig. 11. The large 
wheel. A, on turning the ma- 
chine, wUl take up, or throw ofi; *'*-"-^-*'^ 

Xe. Eiplilii Fir. TO. 3». Wh.l michiiiM an on Iti* piioslpl'l SSO- VTlii 
— ir ■mliiiSfiil|iiiTmtnihnlirn1 m. Ii«CTibi ihiimtehlna. HI Eiplau 



as muab more rope tban tbe small wheel or axle, B, as its 
drcamference is greater. If we suppose the drcumference of 
tbe lai^e wheel to be four times that of the etna]! one, then it 
will take up the rope fonr times as fast And because A is 
four times as large as p, 1 pound at D will balance 4 pounds 
at C, on the opposite side. 

333. The principle of thb machine piG. 72. 
is that of the lever,\as will be appar- 
ent bj an examinatiOD of Fiff. 72, 

334. This figure represents thema- 
chine endwise, so as to show in what 
manner the lever operates. The two 
weights hanging in opposition to each 
other, the one on the wheel at A, and 
the other on the axle at B, act in the 
same manner as if tbey were connect- 
ed by tbe horizontal lever A B, pass- 
mg from one to the other, having the 

common center, 0, as a fiilcnmi be- h *«< owi .»»/«. 

tween them. 

335. The wheel and axle, therefore, acts like a constant suc- 
cession of levers, the long arm being half the diameter of the 
wheel, and the short one half the diameter of the aile ; the 
common center of both being the fulcrum. The wheel and 
axle has, therefore, been called the perpelttal lever. 

836. The great advantage of this machanical arrangement is, 
that while a single lever of the same power can raise a wei^t 
but a few inches at a time, and then only in a certain direction, 
this machine exerts a continual force, and in any direction 
wanted.- To change the direction, it is only necessary tliat the 
rope by which the weight is to be raised, should be carried in 
a line perpendicular to the axis of the machine, to the place 
below where the weight lies, and there be let fall over a 
pulley. 

837. Suppose the wheel and ajtle, Fig. 73, is erected in the 
third story of a store-house, with the axle over the scuttles, or 
doors through the floors, so that goods can be raised by it from 
the ground-floor, in the direction .of the weight A. Suppose, 
also, that the samo' store stands on a whar^ where ships 
come up to its side, and goods are to be removed from the 
vessels into the upper stories. Instead of removing the goods 

333. ODw)i>itpilndp1edDnU.i>niii:h<nat>ct1 334. In Pig. 72. which lilkarnlcFDrn. 



WRBEL AND AXLK. 81 

into the More, and hoist- ns. ni 

ing them in the direc- 
tion of A, it b only 
necessary to carry the 
rope B, over the pulley 
C, which is at the end 
of a strODg beam pro- 
jecting out from the 
side of the store, and 
then the goods will be 
raised in the direction 
of B, thus saving the 
labor of jnoring them 
twice. *'"'t«^ vk^^jitu. 

The wheel and axl6, ander different forms, is applied to a 
variety of common purposes. 

338. The capstan, in univer- Fio. 74. 
sal use, on board of ships, i is an 

axle placed uprijrht, with a head, 
or drum, A, Fiff. 74, pierced 
with holes for the levers B, C, D. 
The weight is drawn by the 
rope, E, passing two or three 
limes round the axle to prevent 
its slipping. 

339. This is a very powerful 
and conveaient-machine. rWhen 
not in use, the levers are taken 

out of their places and laid a^de, and when great fbroe is re- 
quired, two or three men can puah at each lever.! 

340. Windlass. — The common windlasi for drawing water 
ia another modification of the wheel and axle. The wmeh, ttt 
eronk, by which it is turned, is moved around bv the hand, 
and tiiere is no difference in the principle, whether a whole 
wheel is turned, or a single spoke. (^The winch, itherefore, 
answers to the wheel, while the rope b taken ap, and the 
weight raised by the axle, as already described. 

In cases where great weights are to be raised, and It b re- 
quired that the machine should be as small as possible, on 
account of room, the wheel and axle, modified as represented 
\fj Fig. 76, is sometimes used. 

Xn. DHciiba Fir. Ti, iml polDt mt Ibi minnc In which mlifiti eu bg niHd br 
lauiw ail ■ ran onr tin «i)laT. 338. WhM ii III* e4pM>n 1 WWi ii il cligflT ti«d> 
33*. WliUuatiMp«Dliuul'Ut*|«ortfaiirciniiBraHwhMludulgt 34D. In Uw 
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Modified fFinilass. 

341. The axle may be considered in two parts, one of which 
is larger than the other. The rope is attached by its two ends, 
to the ends of the axle, as seen in tlie figure. The weight to 
be raised is attached to a small pulley, around wh'ch the rope 

f asses. The elevation of the weight may be thus described. 
Fpon turning the axle, the rope is coiled around the larger 
part, and at Qie same time, it is thrown off the smaller part 
At every revolution, therefore, a portion of the rope will "fee 
drawn up, equal to the circumference of the thicker part, and 
at the same time a portion, equal to that of the thinner part, 
will be let down. On the whole, then, one revolution of the 
machine will shorten tha rope 'where the weight is suspended, 
just as much as the difference is between the circumference of 
flue two parts. The above frame is to be screwed to a plat- 
form. 

342. Illustration, — ^Now to understand 
the principle on which this machine acts, 
we must refer to Fip, 76, where it is ob- 
vious that the two parts of the rojH?, A 
and B, equally support the weight D, 
and that the rope, as the machine turns, 
passes from the small part of the axle E 
to the large part H, consequently, the 
weight; does notarise iji a peri)endicular 
line toward .0, the center of both,.iut in 
a line between the outsides of theJiyrge 
and small parts. 

343. Let us consider what woiild be wimHasM. 

Explain Fig. 75. 341. Why ii the rope shortened, and the weight raiNdl 818. What 
i» the design of Fig. 7d 1 Does the ymigtA rise perpendicular to the axis of oratioo t m. 
Suppose tfis cylinder was, throughout, of the same sixe, what would be the consequeim 1 



FIG. 76. 
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Uie consequence of changing the rope A to the larger part of 
the axle, so as to place the weight in a line perpendicular 
to the axis of motion. In this case, it is obvious that the ma- 
chine would be m equilibrium, since the weight D would be 
divided between the two sides equally, and the two arms of the 
lever passing through the center C, would be of equal length, 
and therefore no advantage would be gained. 

344. But in the actual arrangement, the weight being sus- 
tained equally by the large and small parts, there is involved a 
lever power,( the long arm of which is equal to half the diame- 
ter of the large part,)while' the short arm is equal to half the 
diameter of the small part,) the fulcrum bein^between them. 

A varying Power, producing a Constant Force,— If a power 
varying under any given conditions, be required to overcome a 
resistance which varies according to some other given condi- 
tions, the one may be accommodated to the other by producing 
a vanation in the leverage, by which one or both acts. 

345. This is done in 
the mechanism of the 

watch, of which A, Fig, "®* '^• 

77, is;the barrel^ contain' 
ing the power in the form 
of a convoluted spring, 
and B the fusee which 
^acts as a varying lever, 
and through which mo- 
tion is conveyed to the - Barra and Fuse*. 

hands of the watch.) 

^ 346. Now when the watch is first wound up, the main-spring 
within the barrel is closely coiled, and of course acts with muck 
more power than afterward, when it is partly unrolled ; hence, 
were no means used to equalize this power, every watch would 
run two or three times as fest, when first wound up, as after- 
ward. 

347. We shall see that the fusee (is a complete remedy for 
me varying action of the main-spring.^ Its form is a low cone, 
•^:- ^^ ^^ surface cut into a spiral groove, to receive the chain, 
which ruBBl round the bapel.' Now when, the watch is wound 
TWp,]by applying the key to tKe axis of the fusee at C, the main- 
spring, one end of wMcfc is attached to the diameter of the 

^ - - - " 

"^ - ■ ■ ■■■■.■■■ I ■ ■■■! ■ II, I I M— — ■■! ^ „ 

3i4. (^ what principle do«s this mCchine act T Which an t|iOoiicand«Kbrtanntorthe 
lever, and where is the fulcrum 1 345. What ii the main-spring of a watdi f 3M6. When 
» If ^'^'■^"^ ^ What is the fusee of a watch 1 What ii its form 1 When does th« 
mam-ffirinc act with most force 7 347. How does the fbiee equalize this force 1 Expiate 
hvw this forces of the spring and fusee mutually eaualive each other. 
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barrel, and thu other to its axis, is closely coiled ; but iaa the ac- 
tion begins on the smallest part of the ftisee, tha lever^^e is 
short, and the power weak; but as the fusee turns, ana the 
spring uncoils, the leverage increases in proportion as the strength 
of the spring bccoinea weaker,'ynd thus the two forces mutually 
equalize each other, and the watch runs at the same rate until 
the chain which connects them has run trom the barrel to the 
fusee, when it again requires winding, and the same process 
begins again. 

348. System op Wheels. — As ike wheel and axle it only a 
modlficatiim of the simph lever, so a system of teheelt acting on 
each other, and transmittinff the power to the retUlance, u only 
another form of the compound lever, 

349. Such a combina- 
tion is shown in Fig. 78. no. w. 
The firat wheel, A, by jj ^ 
means of the teeth orcogis, 

around its axle, moves the 
second wheel, B, with a 
force equal to that of a 
lever, the long arm of 
which extends from the 
center to th e circumference 
of the wheel, where the 
powerP,issuspended,and 
the short arm from the 
same center to the ends of 

the cogs. The dotted line srnni tf wkuu. 

C,paasing through the cen- • 

ter of the wheel A, shows the position of the lever, as the wheel 
now stands. The center on which the wheel and axle turns, is 
the fulcrum of this lever. As the wheel turns, the short arm 
of this lever will act upon the long arm of the next lever b^ 
means of the teeth on the circumference of the wheel B, and this 
again through the teeth on the axle of B, will transmit its force 
to the circumference of the wheel D, and so by the short arm 
of the thii-d laver to the weight W. As the power or small 
weight fells, therefore, the resistance W,is raised, with the mul- 
tiplied force of three levers acting on each other. 

360. In respect to the force to be gwned by such a machine, 
suppose the number of teeth on the axle of the wheel A, to be 

d InFlf.W) ! 
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six times less than the number of those on the circomferenoe of 
the wheel B, then B would only turn around once, while A turns 
six times. And, in like manner, if the number of teeth on the 
circumference of D, be six times greater than those on the axle 
of B, then D would turn once, while B is turning six times. Thus 
six revolutions of A would make B revolve once, and six revo- 
lutions of B would make D revolve once. Therefore, A makes 
thirty-six revolutions while D makes only one. 

351. The diameter of the wheel A, being three times the 
diameter of the axle of the wheel D, and its velocity of motion 
being 36 to 1, 3 times 36 will give the weight which a power 
of 1 pound at P would raise at W. Thus 36 X 3 = 108. One 
pound at P would therefore balance (108 pounds^at W. 
\^ 35^. No Machine Creates Force. — If the student has at- 
tended closely to what has been said on mechanics, he will now be 
prepared to understand, that no machine, however simple or com- 
plex, can create the least degree of force, it is true that a man with 
a machine may apply a force which a hundred could not exert with 
their hands, but then it would take him a hundred times as long. 

353. Suppose there are 20 blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man with a capstan, 
we will suppose, may move them all at once, but this man, with 
his lever, would have to make one revolution for every foot he 
drew the whole load .toward him, and therefore to make one 
hundred revolutions to perform the whole work. It will also 
take him twenty times as long to do it, as it took the twenty 
men. His task, indeed, would be more than twenty times 
harder than that performed by the twenty men,.for, in addition 
to moving the stone,, he would have the friction oi the machinery 
to overcome, which commonly amounts to nearly one third of 
the force employed.^ 

354. Hence there would be an actual loss of power by the 
use of the capstan, though it might be a convenience for the 
one man to do his work by its means, rather than to call in 
nineteen of his neighbors to assist him. : 

355. (Any power by which a machine is moved, must be 
equal to the resistance to be overcome^ and, in all cases where 
the power descends, ther^ wiir be a proportion between the 

351. What weight will one poand at P balance at W 1 352. Ii thera any actual 
power gained by the use of machinery 1 353. Suppose twenty men to move twenty 
ttonet to a certam distance with their hands, and one man moves them back to the same 
place with a capstan, which performs the most actual labor 1 Why 1 354. Why, then, 
u machinery a convenience 1 355. In the use' «f the lever, what proportion is there be- 
^nreen tlw force of the short arm, and the velocity of the long arm 1 Is it saia, that the 
/elocity of the power downward, must be in proportion to that of the weight upward ? 

8 
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velocity with which it moves downward, and the velocity with 
which the weight moves upward. 

356. There will be no difference' in this respect, whether the 
machine be simple or compound, for if its force be increased by 
increasing the number of levers, or wheels, the velocity of the 
moving power must also be increased, as that of the resistance 
is diminished. 

357. There being, then, always a proportion between the 
velocity with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, it 
is necessary that the power should have to the resistance the 
same ratio that the velocity of the resistance has to the velocity 
of the power. In other words, (" The power multiplied by the 
space through which it movee^ in a vertical direction^ must he 
equal to the weight multiplied hy the space through which it 
moves in a vertical direction. 

This law is known under fig. m 

the name of " the law of 
virtual velocities," and is 
considered the golden rule 
of mechanics. 

358. This principle has al- 
ready been explained, while 
treating of tiie lever, (308 ;) 
but that the student should 
want nothing to assist him 
in clearly comprehending 
so important a law, we 
will again illustrate it in a 
different manner. 

Suppose the lever, Fig. 79, to be thirty inches long from the 
fulcrum to the point where the power, P, is suspended, and 
that the weight, W, is two inches from the iulcrum. If the 
power be I pound, tiie weight must be 15 pounds, to produce 
equilibrium, and the power, P, must fell thirty inches to raise 
the weight, W, two inches. Therefore, the power being 1 
pound, and the space 30 inches, 30 X 1 =30. The weight being 
15 pounds, UDd the space 2 inches, 15X1=30. 

Thus the power multiplied by the space through whiclt it 
falls, and the weight multiplied by the space through which it 
rises, are equal. 

356. Does it make any diflferenoe, in this respect, whether the machine be •imple or 
compound 1 357. What i« the golden rule of mechanic* 1 Explain Fig. 70, and ihow how 
the role ii illmtiated by it 1 
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359. However complex the madune may be, bj whieh the 
torce of a desoending power is transmitted to the weight to be 
ra]fled,(the same rule will apply as it does to the action of the 
simple lever.) 
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360. A pulley consists of a wheel which is grooved on the edgSj 
and which is made to turn on its axis, by a cord passing over it 

361. Simple Pulley , — ^^.80, repre- 
sents a simple pulley , (s^ith a single fixed 
wheel. ) In other forms of the machine, 
the wheel moves up and down with the 
weight 

362. The pulley is arranged among 
the simple mechanical powers ; but/When 
several are connected, the machine is 
called a system of pulleys, or a com- 
pound pulley,) 

363. One of the most obvious advan- 
tages, of the pulley is, (its enabling men 
to exert their own power in places where 
they cannot go tibemselves.) Thus, by means of a rope and 
wheel, a man can stand on the deck of a ship, and hoist a 
weight to the topmast. 

364. By means of two fixed 
pulleys, a weight may be raised 
upward, while the power moves 
in a horizontal direction. The 
weight will also rise vertically 
through the same space that 
the rope is drawn horizontally. 

My. 81, represents two fixed 
pulleys, as they are arranged for 
such a purpose. , In the erection 
of a lofty edifice, suppose the up- 
per pulley to be suspended to 
some part of the building ; then 
a horse pulling at the rope. A, 
would raise the weight, W, ver- 
tically, as far as he went horizontally. 



FIG. 81. 
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359. What is said of the appIicatioD of thit rule to complex roachine. 1 m What 
it a pnlleyl 361. What it a limple pulley 1 362. What m a lyitem of puHeTi, or a 
eompoand pulley 1 363. What w the mort obvioui advantage of the pnllev 1 3M. 
How must two fixed poUeyi be plaeed to raiM a weight vertieally ai far at thepoww 
horisontailyl 
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365. In the use of the wheel of the pulley, there isfno mechan- 
ical advantage, except that which arises from removing the fric- 
tion, and diminishing the imperfect flexibility of the rope. 

In the mechanical effects of this machine, the result would 
be the same did it slide on a smooth surface with the same ease 
that its motion makes the wheel revolve. 

366. The action of the pulley is on a dif- 
ferent principle from that of the wheel and 
axle. A system of wheels, as already ex- 
plained, acts on the same principle as the 
compound lever. But the mechanical effica- 
cy of a system of pulleys is derived entirely 
from the division of the weight among the 
strings employed in suspending it. 

367. In the use of the single fixed pul- 
ley, there can be no mechanical advantage, 
since the weight rises as fast as the power 
descends. This is obvious by Mgi. 80, 
where it is also apparent that the power 
and weight must be equal, to balance each 
other, as already shown. 

In the single movable pulley, Fig, 82, the 
same rope passes from the fixed point, A, to 
the power, P. It is evident here, that the weight is supported 
equally by the two parts of the string between which it hangs. 
Therefore, if we call the weight, W, ten pounds, five pounds 
will be supported by one string, and five by the other. The 
power, then, will support twice its own weight ; so that a per- 
son pulling with a force of ^ve potinds at P, '.will raise ten 
pounds ^at W. The mechanical force, therefore, in respect to 
the power, is as two to one. 

In this example, it is supposed there are only two ropes, each 
of which bears an equal part of the weight. 

368. Compound Pulley, — If the number of ropes be in- 
creased, the weight may be increased with the same power ; or . 
the power may be diminished in proportion as the number of 
ropes is increas^cU In Mg, 83, the number of ropes sustaining 
the weight is foMf,, and therefore, the weight may be four times 
as great as the power. This principle must be evident, sincait 

365. What it the advantage of the wheel of the pulley 1 366. How does the action 
of the pulley differ from the wheel and axle 1 367. u there any mechanical advantage 
in the fixed pullev ) What weight at P, Fig. 83. will balance ten pounds at W ? 368. 
Suppose the number of ropes be increased, and the weig:ht increased, must the power be 
increased also 1 Suppose the weight, Fig. 83, to be thirty-two pounds, what will eafh 
rope bearl 



Movable PuUejf. 



tHR PITLLBT, 



ran fulut, OV 

ia plain Ibat each rape sustains an equal part of the weight. 
The weight may, therefore, be conudered as divided into four 
parts, and «ach part sustained by one rope. 



369. In Piff. 84, there is a system of pulleys repraanted, in 
which the weight is sixteen times the power. 

The tension of the rope, D E, is evidently equal to the power, 
P, because it sustains it D, being a movable pulley, must sus- 
Uan a weight equal to twice the power ; but vie weight which 
it sustains is the tension of the second rope, D C. Hence, the 
tension of the second rope is twice that of the first ; and, in 
like manner, the tension of the third rope is twice that of the 
second, and so on, the weight being equal to twice the tension 
of Ae last rope. 

370. Suppose the wei^t, W, to be sixteen pounds ; then the 
two ropee, 8 and 8, would sustdn 8 pounds each, this being the 

36B. Biplain Pii. 81. ind ihnw whit part of Iho wiMit Hcb npa mtilH, tad wfa* 
DiHpMiiidUP, ombaliiM liiMn pDund> it W. m Eipbin Iba nuati wbj auA 
■dditioul ivM and hiIIst wilt doubls tba aOiEt nf tha whale, a whi IH mjakl maa W 
4hH* Him oTall the aUian with Iba nan powai. . j -v- i 
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whole weight divided equally between them. The next two 
ropes, 4 and 4, would evidently sustain but half this whole 
weight, because the other half is already sustained by a rope 
fixed at its upper end. The next two ropes sustain but half of 
4, for the same reason ; and the next pair, 1 and 1, for the same 
reason, will sustain only half of 2. Lastly, the power, P, will 
balance two pounds, because it sustains but half this weight, 
the other half being sustained by the same rope, fixed at its 
upper end. 

It is evident that, in this system, each rope and pulley which 
is added will double the effect of the whole. Thus, by adding 
another rope and pulley beyond 8, the weight, W, might be 32 
pounds, instead of 16, and still be balanced by the same power. 

371. In our calculations of the effects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or for 
the firiction of the ropes. In practice, however, it will be found 
that Dearly one-third must be allowed for friction, and that the 
power, therefore, to actually raise the weight must be about 
one-third greater than has been allowed. 

372. The pulley, like other machines, obeys the laws of vir- 
tual velocities, already applied to the lever and wheel. Thus^ 
" in a system of pulleys, the ascent of the weight or resistance 
is as mtich less than the descent of the power as the weight is 
greater than the power,*'* If^ as in t];)e last example, the weight 
is 16 pounds, and the power 1 pound, the weight will rise only 
1 foot, while the power descends 16 feet 

373. In the s&gle fixed pulley. Fig, 80, the weight and 
power are equal ; and, consequently, the weight rises as fast as 
the power descends. 

With such a pulley, a man may raise himself up to the mast- 
head by his own weight. Suppose a rope is thrown over a pul- 
ley, and a man ties one end of it round his body, and takes the 
otner end in his hands; he may raise himself up, because, by 
pulling with his hands, he has the power of throwing more of 
his weight on that side than on the other, and, when he does 
this, his body will rise. Thus, although the power and the 
weight are the same individual, still, the man can change his 
center of gravity so as to make the power greater than the 
weight, or the weight greater than the powftr, and thus can ele- 
vate one-half of his weight in succession. 

371. In oodi||i»and maobinca, how much of the power moit be allowed for the friction I 
378. What general law appliea to the pidley 1 373. How may a man nim himidf op by 
meani <^ft rope and tin|^ fixed puUeyl 
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1 874. In all tbe pnllOT» we have desi^bed, 'W. «. 

ihere is a great defecVm conseqneDce of tbe 
lUfierent velodtiea ai which the wveral 
wheels turn, and the consequent friction to 
which some of them are subjected.' 

375. It has been an object among me- 
chanical philoBophen to remedy this defect 

."by inventing a system of pulleys, the wheels 
of which should all Terolre on their axles 
in the same time, each making the same 
number of revolutions, notwithstanding the 
different lengths of rope passing over them, 
and thus avoid a defect common to those 
in use. 

376. This object seems to have been fully 
attained by Mr. James White, whose inven- 
tion is represented by Mff. 85, and which 
win be undetstood by the following descrip- 
tion. In order that tbe successive wheels 
should revolve in the same time, and their 
drcumferences should be juat equal to the 
length of rope passing over them, Mr. 
White made them all of diffeient diameters. 
By this construction, although the length of 
rope passing over each was different, yet, 
their revolutions are equal, both with respect 

to time and number. IM<W* PMUtf. 

By this arrangement, all the fiiction is avoided, except that 
of a pivot at each end, and the lateral friction of a single wheel. 
A single rope sustains the whole, and, as in other systems, the 
weight is as many times the power as there are ropes sustuning 
th/lower block. Thia ia considered tbe most perfect system of 
pulleys yet invented. 



377. Thii power, the most ritnple of att machinet,i:<mtitU of 
a hard, smooth plane, incUiied to the horizon m furious degrees. 

It is the fourth mechanical power, and is represented by Fig. 
86, where, from A to B, is the inclined plane ; tbe Ikie from D 

Sr*. Whiil itufieil dehd la thg naniDiaa poll^l 315. Id wlial nuiiMr t> It nU 
OhI Uw laAnt oitfa nipinl la niotian mi^I bi nnwdiad 1 TK. Dwnbi WliiM'i pnDar 
ud iknw bam U» difttti III Dthn paDar* "* nnxAlx) ^J *>>''• ^- Wbit ii u in 
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FIG. 88. 




Inclined Plane, 



to A 18 lis height, and 
that from B to D its 
base. 

A board, with one end 
on the ground, and 
the other resting on a 
block, becomes an in* 
clined plane* 

378. This machine being both useful and easily constructed, 
is in very general use, especially Adhere heavy bodies ar^ to be 
raised only to a small height^ Thus, a man, by means of an 
inclined plane, which he can readily construct^with a board or 
couple of bars^ can raise a load into his wagon, which ten men 
could not lift with their hands. 

379. The power required tojorce a given weight up an in- 
clined planers in proportion to its height, and ihe length of its 
base ; or, in other words, the force must he(in proportion to the 
rapidity of its inclination) 

380. The power, P, fig. 87. 
Fig. 87, pulling a 
weight up the inclined 
plane, from C to D, only 
raises it in an oblique 
direction from E to 1), 
by acting along the 
whole length of the 
plane. If the plane 
be twice as long as it is high, that is, if the line from C tp I) be 
double the len^h of that from E to D, then pne pound at P 
will balance two pounds any where between D and C. It is 
evident, by a glance at these figures, that, were the base length- 
ened, the height from E to D being the same, a less power at P 
would balance an equal weight any where on the inclined plane ; 
and so, on the contrary, were the case made shorter, that i8,1ihe 
plane more steep, the 
power must be increased 
in proportion. 

381. Suppose two in- "wi 
clined planes, Fig» 88, 
of the same height, with 
basesofdifferentlengths; /«c/m^ f w 

378. On what ocoaaiont is thii power chiefly used 1 Suppose a man w^nts to pat a 
barrel of cider into his wagon, how does he make an inclined plane for Uiis purjiose 1 

379. To roll a siTen weight up an inclined plane, to what most the force be proprntionedl 

380. Explain Fig. 87. * 




Inclined Plane, 



FIG. 88. 
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then the weight and power will be to each other as the length 
of the planes. If the length from A to B is two feet, and that 
from B to C one foot, then two pounds at D will balance four 
pounds at W, and so in this proportion, whether the planes be 
longer <«• shorter. 

382. ^The same principle, with respect to the virtual veloci- 
ties of the weight and power, applies to the inclined planel in 
common with die other mechanical powers. 

Suppose the inclined 
plane, y*^. 89, to be pig. 89. 

two feet from A to B, 
and one foot from C 
to B; then, as we 
have already seen by 
Fig. 87, a power of 
one pound at P, wonld 
balance a weight of 
two pounds at W. 

Now, in the fell of the Iwlined PUme. 

p<JWer to draw up the 

weight, it is obvious that its vertical descent must be just twice 
the vertical ascent of the weight; for, the power must Ml 
down the distance from A to B, to draw the weight that dis- 
tance; but, the vertical height to which the weight W is 
raised, is only from to B» Thus, the power, being two 
pounds, must fall two feet to raise the weight, four pounds, one 
foot; and, thus, the power and weight, multiplied by their 
several velocities, are equal. 

When the power of an inclined plane is considered as a ma- 
chine, it must therefore be estimated by the proportion which, 
the length bears to the height ; the power being increased in 
proportion as the elevation of the plane is diminished, 
. 383. Two forces of the inclined plane. The weight of the 
carriage on the inclined plane, Fig. 90, may be resolved into 
two forces, namely, into B, C, which acts as a vertical pressure 
upon R, S, and B, A, which is directed downward parallel to 
R, S. Now, R, $, being the length, and, S, T, tne height 
of the inclined plaae, it can be proved by the laws of geometry 
from the similarity of the triangles, B, 0, A, and R, S, T, that 
the downward propelling force, D, C, is ^n the proportion to the 

381. If the length of the lonf plane, Fig. 88, be double that of the short one, what 
mutt be the proportion between the power and the weight 1 38S. What ii said ot the 
apirfieation of the law of Tirtaal rriooities to the inclined plane 1 Explain Fig. 89, and 
Mow why iie power most lUl twioe as fiur as Uie wei^t rises. 
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FIG. 90. 




Ineliued Plane. 



weight of the body, D, C, as the height S, % of the incli<Mnl 
plane, is to its length, R, T. If, therefore, the height, 8, 'i, « 
the 4th, 5th, or 6th, of the length, R, T, then the force down- 
wards will be equal to the 4th, 5th, or 6th, of the weight of the 
body, as shown by the balance weights, P. 

384. ApplicatioK to RoADS;-s-iiilly roads may be regarded 
as inclined planes, and loads drawn upon them in carriages, 
considered in reference to the powers which draw them^are 
subject to all the conditions which we have stated, with respect 
to inclined planes. 

The power required to draw a load up a hill, is in proportion 
to the elevation ofthe inclined plane. On a road perfectly 
horizontal, if the power is sufficient to overcome the friction, 
and ^e resistance of the atmosphere, the carriage will move. 
But if the road rises one foot in fifteen, besides these impedi- 
ments, die ihoving power will have to lift one fifteenth part of 
the load. 

885. Now, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when precisely the same distance would carry him around them 
on a level plane ? To use a homely, but very pertinent illustra- 
tion, ^ the bale of a pot is no longer, when it lies down, than 
when it stands up." Had M& simple fact been noticed, and its 
practical bearing carried into effect by road makers, many a 
nigh hill would have been shuqned for a circuit around its base, 

384. How do the principle* of the inoHped plane apply to roads 1 385. What ii nid 
aboot the bale of a pot, at applied to road makinf 1 



: speak, would tb&nb th« iris- 



886, The Ttexl limpk mechanical poteer « the teedge. Tktt 
inttnanent may be considered as two inclined planet, placed 
hate to bate. ' 

{It is much employed for the purpose of BplittJng or dividing 
solid bodies, such as wood and atone.i 

387. Fiff. 01 represents auch a wedge as is FiQ.w. 
oaually employed in cleaving limber. This in- 
strument is also used in raising ships, and pre- 
paring them to launch, and for a variety of 

other purposes. (Kails, awls, needles, and many 
cutting instruments,) act, more or lesa, on the 
principle of thia machine. 

388. There is much difficulty in estimating 
the power of the wedge,'8ince this depends on 
the force, or the number of blows given it, to- 
gether with the obliquity of its sides.) A wedge 
of great obliquity would require hard blows to 
drive it forward, for. the same reason that a 
plane, much inclined, requires much force to roll 

& heavy body up it But were the obliquity of fidf. 

the wtdge, and the force of each blow given, 
still it would be difficnlt to ascertiu'n the exact power of the 
wedge in ordinary cases, for, tn the SfJittdng of timber and 
stone, for instance, the divided parts act as levers, and thus 
greatly increase the power of the wedge. Thus, in a log of 
wood, MX feet long, when split one half of its length, the other 
half is divided with ease, because the two parts act as levers, 
the lengths of which constantly increase^ as the cleft extenda 
from tlte wedge. 



389. The leraw it the tixlh and latt simpU mechanical poteer. 
(ll may be eoneidered as a modification cf the inclined plane, or 

at a winding wedge] 

38T. On vhat piJncipla don tlw Kedn ul 1 In what ciu li (hii power Qvlbl 1 38T- 
WhaleoniDDD imtTumantiuitoDlbs piincipli nf Iho wcdga; 3^ Wbtldlfflealt]' ti 
tb*« la tMomtiaf tin pawn of tba vti%t t 38>. On w)ul priaDtpI* dim tin lonw 




S90.{.It is an inclined plane run- 
ning spirally round aspindleyas will 
be seen by ^t^. 92. Suppose A to 
be a piece of paper, cut into the 
form of an inclined plane and rolled 
round tbe piece <a wood D; its 
edge would form the spiral line, 
called the thread of the screw. If 
the finger be placed between the 
two threads of a screw, and the tftnii^ Wtdgi. 

screw be turned round once, the 

finger will be raised upward equal to the distance of the two 
threads apart In this manner, the finger is rdsed up the 
inclined plane, as it runs round the cylinder. 

The power of the screw is transmitted and employed by 
means of another screw called tbe nut, through which it passes. 
This has a spiral groove running through it, which exactly fits 
the thread of the screw. 

If the nut is fixed, the screw itself on turning it ronnd, ad- 
vances forward ; but if the screw is fixed, the nut, when turned, 
advancea along with the screw. 

391. Fig. 93 represents the first kind of screw, being such 
as is commonly used in pressing paper, and other substances. 




The nut, N, through which the screw posses, answers also for 
one uf the beams of the press. If the screw be turned to die 
right, it will advance downward, while the nut stands still. 

KM. Eow b II (liawn that tbg team ii i modlfisation ot thi ImilifHd pkoat 3*1. 
Eipliln Fif . 13. WliloliliIlwKmr.uidwbigbthgBall Wliiab w>r rnsa tlia on 
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392. A screw of the second kind is represented by Fig. 94. 
In this the screw is fixed, while the nut, N, by being turned by 
the lever, L, from right to left, will advance down the screw. 

393. In practice, the screw is ^never) used as a simple me- 
chanical machine ; the power being always applied(by means - 
of a lever,) passing through the head of Uie screw, as in Fig, 
93, or into the nut, as in Fig. 94. 

394. Power of the Screw. — The screw acts tnth the com- 
bined power of the inclined plane and the lever, and its force is 
stick as to be limited only by the strength of the materials of 
which it is made. 

In investigating the effects of this machine, we must^ there- 
fore, take into account both these simple mechanical powers, so 
that the screw now becomes really a compound engine. 

395. In the inclined plane, we have already seen, that the 
less it is inclined, the more easy is the ascent up it. In apply- 
ing the same principle to the screw, it is obvious, that the 
greater the distance of the threads from each other, the more 
rapid the inclination, and consequently, the greater must be 
the power to turn it, under a given weight. On the contrary, 
if the thread inclines but slightly, it will turn with less power, 
for the same reason that a man can roll a heavy weight up a 
plane but little inclined. Therefore, the finer the screw, or the 
nearer the threads to each other, the greater will be the pres- 
sure under a given power. 

396. Let us suppose two screws, the one having the threads 
one inch apart, and the other half an inch apart ; theui the 
force which the first screw will give with the same power at the 
lever, will be only half that given by the second.) The second 
screw must be turned twice as many times round as the first, to 
go through the same space ; but what is lost in velocity is gained 
in power. At the lever of the first, two men would raise a 
^ven weight to a given height, by making one revolution; 
while at the lever of the second, one man would raise the same 
weight to the same heiffht, by making two revolutions. 

397. It is apparent that the length of the inclined plane, up 
which a body moves in one revolution, is -ihe circun;iference of 
the screw, and its height the interval between the threads. 
The proportion of its power would therefore he ^^ as the circum- 

393.' How does the lorew. Fig. 93, differ from Fig. 941 393. Is the screw ever ased 
ai a liiuple machiae 1 By what simple power is it moved 1 394. What two simple 
meohanioal powers are concerned in the &tae of the screw 1 395. W^^does the near- 
ness of tin threads make a difference iiWiie force of the screw 1 396. Suppose one . 
screw, with the threads one inch apart, and another half an inch apart, what will be their 
difference in force? 397. What is the length of the inclined plane, by which a body 
moves by one revelation of the screw 1 

9 
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ference cf the screwj to the distance between the threads, so is 
the weight to the power, 

398. By this rule the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this case, 
the circumference described by the end of the lever employed, 
is taken, instead of the circumference of the screw itself. The 
means by which the force of the screw may be found, is there- 
fore, by multiplying the circumference which the lever describes 
by the power. 

399. Thus, *! the power multiplied by the circumference which it 
describes, is equal to the weight or resistance, multiplied by 
the distance between the two contiguous threadsJ^ Hence the 
efficacy of the screw may be increased, (by increasing the length 
of the lever, or by diminishing the distance between the threads/ 
If^ then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily calcu- 
late the power ; or, the power being given, and the distance of 
ther threads and the length of the lever known, we can estimate 
the weight the screw will raise. 

400. Thus, suppose the length of the lever to be forty inches, 
the distance of the threads one inch, and the weight 8,000 
pounds ; required, the power, at the end of the lever, to raise 
the weight. 

The lever being forty inches, the diameter of the circle, which 
the end describes, is 80 inches. The circumference is a little more 
than three times the diameter, but we will call it just three times. 
Then, 80 X 3 =240 inches, the circumference of the circle. The 
distance of the threads is 1 inch, and the weight 8,000 jpounds. 
To find the power, multiply the weight by the disitance of the 
threads, and divide by the circumference of the circley Thus, 

Ctrcum. In. Weight. Power. 

240 : 1 : : 8,000 : 33+ 

The power at the end of the lever must therefore be 33-^ 
pounds. In practice, this power would require to be increased 
about one third, on account of friction. > 

\ 401. PsRPETUAL Screw. — The force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In this 
case it is called ^the perpetual screw, 

402. Mg, 95 represents such a machine. It is apparent, 

399, How ii the force of the aorew estimated 1 How may the efficacy of the aeraw 
be iDcreaaed 7 400. ^he length of the lever, tlie distance between the threads, and the 
weight beine known, how can the power be found 1' Givf an example. 401. What is 
0(^9 aeiew oaiM when it is employed to turn a wh^l 1 



that by turning the crank C, the wheel will revolve, for th« 
thread of the screw passes between the c<^ of the wheel. By 
means of an axle, through the center of this wheel, hke the 
common wheel and axle, this becomes an exceedingly powerful 
machine, but like all other contrivances for obtaining great 
power, its effective motion is exceedingly slow. It has, how- 
ever, some disadvantages, and particularly the great friction be- 
tween the thread of the screw „g ^ 
and the teeth of the wheel, which 
prevents it from being generally 
employed to raise weights. 

403. All these Mechanic- 
al POWBRB RBSOLVED INTO 

Thrbg. — We have now enume- 
rated and described all the me- 
chanical powers usually denomi- 
nated simple. They are dx la 
number, namely, the Lever, 
Wheel and Axle, Pulley .Wedge, a.^, „i wm. 

Inclined Plane, and Screw. 

404. In respect to the principles on which they act, they may 
be resolved intofthree simple powers, namely, the lever, the 
inclined plane, and the pulley ;] for it has been shown that the 
wheel and axle is only another form of the lever, and that 
the screw ia but a modification of the inclined plane. 

It is surprising, indeed, that these simple powers can be so 
arranged and modified, as to produce the different actions in all 
that vast variety of intricate machinery which men have in- 
vented and constructed. 

405. CARn Machine. — The variety of motions we witness in 
the little engine which makes cards, by being snpplied with 
wire for the teeth, and strips of leather to stick them through, 
would ilself seem to involve more mechanical powers than those 
enumerated. This engine takes the wire from a reel ; bends it 
into the form of teeth ; cuts it off; makes two holes in the 
leather forthe tooth to pass through ; sticks it through ; then^ves 
it another bend on the opposite side of the leather; graduates 
the spaces between the rows of teeth, and between one tooth 
and another; and, at the same time, carries the leather bai^- 
ward and forward, before the point where the teeth are intro- 

«R. Biplsin F>)-. eS. tVhul ll Um abJsisliDD toUiil mtDhina foe niilni w«[iSli1 
«a. How man; ilinple mechinioiil pbwen am Ihare, ind whit ire the; uDed t <H. 
Ilox un thei be raulied ioM IhiM limpls fowm 1 VS. V/hu ii nid of llia eud 
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dnoed, with a motion so exactly corresponding Tnth the motions 
of the parts which make and stick the teeth, as not to produce 
the diflference of a hair's breadth in the distance between them. 
All this is done without the aid of husian hands, any further 
than to put the leather in its place, and turn a crank ; or, in 
some instances, many of these machines are turned at once, by 
means of three or four dogs, walking on an incUned plane which 
revolves. 

406. Such a machine displays the wonderful ingenuity and 
perseverance of man ; and, at first sight, would seem to set at 
naught the idea that (the lever and wheel jare the chief simple 
powers concerned in its motions. But, when these motions are 
examined singly and deliberately, we are soon convinced that 
the wheel variously modified, is the principal mechanical power 
in the whole engine. 

407. Use of Machinery. — It has already been stated, (352,) 
that notwithstanding the vast deal of time and ingenuity which 
men have spent on the construction of machinery, and in at- 
tempting to multiply their powers, there has, as yet, been none 
produced, in which the power was not obtained at the expense 
of velocity, or velocity at the expense of power ; and, therefore, 
,no' actual force is ever generated by machinery. 

When men employ 9ie natural elements as a power to over- 
come resistance by means of machinery, (there is a vast saving 
of animal labor.) Thus, mills, and all kinds of engines, whi(£ 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 

FI6. 96. 




7SI« Five MeeJuaUeal Ponert, 

408. Five Mechanical Powers in one Machine, — ^An engineer, 

406. What are the chief meohanical powen conoeraed in its motions 1 407. Is theie 
any aotoal force generated by machinery ? What is said of empfoying the natural ele- 
ments as a power f 408. What are the five awchanical powers employed in Fif. 961 
Point out on the out the place of each power. 
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it 18 said, for the purpose of drawing a ship out of the water to 
be repaired, combined the mechanical powers represented by 
Fig, 96, and perhaps no machine ever constructed gives greater 
force with so smaU a power. 

{It involves the lever A, wheel and axle B, the pulley C, the 
inclined plane D, and the screw £.) . 

To estimate the force of this engine, (it is necessary to know 
the length of the lever, diameter of the wheel, <fec.^ 

Suppose then, the sizes of the different powers are as follows, 
viz. : — 

Length of the lever A, ........ 18 inches. 

Distance of the thread £, 1 inch. 

Diameter of the wheel B, ...... • 4 feet. 

Diameter of the axle, 1 foot 

Pulleys C and D, D fixed, 4 strings. 

Height of the plane D, one-half its length, . 2 feet. 

Suppose the man turns the lever A, with the power equal to 
100 pounds, the force on t)ie ship would thus be found, for the 
different laws and rules referring to each mechanical power. 

1. One hundred pounds, on the lever A, would be- 
come a force, by means of the screw on the wheel Poonda. 
B, of 11,809.76 

2. Diameter of wheel four times that of the axle, 4 

45,289.04 

3. The number of pulley-strings, 4 

180,956.16 

4. Height of the inclined plane half its length, • 2 

361,912.82 

The force on the ship, therefore, (would be equal to 361,912 
pounds, or, about 161 tons.) 

409. Dick's Anti-Friction Press. — Mvi Dick, the inventor <5f 
this presff, resides at Meadsville, Fa. 

The principle of this most powerful engine is so obvious, on 
inspecting the diagram, Fig, 97, that no description of it would 
be required by a practical mechanic We, however, subjoin the 
following, in order to make it plain to the student 

The center wheel, B, has two eccentrics or cams, A A, 
making parts of B, and cast with it. The two sectors, C 0, 

406. What must be known to estimate the power of this machine 1 What is the 
amoont of force ou the ilijp 1 409. Deseribe Dick's ADti-Friotion Frees, and give ioaie 
account of its power 

9* 
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aw annilar, or wedge-shaped, "''■ "■ 

where tiiey bear on the follow- 
en or impediments, D D. 

Action. — On moring the 
lever, E, to the right or dowD- 
warde, the sectors more with 
the eccentrics or inclined planes 
by the traction between the 
two &ce3 of iron, and tbus^D 
D will be moved from each 
other to a distance equal to the 
sum of the inclined planes, A 
A. If each of the eccentrics 
are twelve inches, then D D 
will be moved asunder two feet, 
and so, in this proportion, 
more or le^. As the center 
wheel has no bearings or sup- 
port except the sectors, C C, ^ 
there can be no Action except 
where these tonch the follow- 
ers, D D ; and, as these points 
of motion are sharp edges, no 
appredable friction appears to 
exist in the action of this most 
umple machine. 

410. AppHcalitmaad Pmner dj^, jy,„, 

of Dices Prat.— Tb^ follow- 
ing is abridged from the New York Sun. The piles, on which 
the force was applied, were at the Navy Yard, in Brooklyn, 
N. Y. They were 60 feet long, 15 inches square, and driven 40 
feet into the ground, doweled and spikai and crowded to- 
gether by wedges, driven between them by the pile-driver. To 
extract one of these piles was the great object, since, this being 
done, the others could be removed with comparative ease. For 
this purpose, an experiment was made with a lever of wood, 30 
feet long, and 22 by 18 inches in diameter. The fulcrum was 
dgbteen inches from the end, and to the long arm was attached 
a aix-&ll tackle, the rope being attached to a capstan, worked by 
six men, the levers being of the usual length. This immense 
force was appRed to one of the piles, but the grappling broke, 
without starting it in the least. A few days after, proper fix- 
tures beio^ made, Dick's anti-friction press, constructed of un- 
common size for the purpose, was applied to the work. This 
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was a new machine, and, as its name imports, works with the 
perfect annihilation of all friction. Curiosity was on tiptoe, and 
the officers of the navy and army, engineers, and many citizens 
were present to witness the eflfect. The machine was secured to 
the pile with heavy iron bars, and a three-inch iron bolt passing 
through both. Breathless silence prevailed throughout the 
crowd, and the most intense excitement was felt by all immedi- 
ately concerned, while four men only, took hold of the lever in 
order to make the tremendous lift ; for, all thought, after the 
experiment with the 30-foot lever, that nothing could be done 
by so diminutive a machine. The first strain started the pile 
three-quarters of an inch, when the iron bolt was broken, but a 
shout gave notice that the force had succeeded. The next day, 
the force was again applied, with complete success ; and, such 
was the tremendous power the machine exerted, that, instead of 
one pile, three or four were started, tiie whole series being trun- 
neled together. Thus was this little engine triumphant, and the 
agony over. 



y CHAPTER Y. 

HYDROSTATICS 



411. ITydrostatics lis the science which treats of the weighty 
pressure, and equilihrium of water, or other fluids, when in a 
state of rest, 

412. Hydraulics^ is that part of the science of fluids which 
treats of water in motion, and the means of raising and con- 
ducting it in pipes, or otherwise, for all sorts of purposes.; •. 

The subject of water at rest will first claim investigation, 
since the laws which regulate its motion will be best understood 
by first comprehending those Which regulate its pressure. 

413. Definition. — A fluid is a substance whose particles 
are easily moved among each other, as air and water. 

414. [The air is called an elastic fluid, because it is easily 
compressed into a smaller bulk, and returns again to its original 
state when the pressure is removed. Water is called a wcm- 
elastic fluid, because it admits of little diminution of bulk under 
pressure. 

411. What is hydrostatics 1 413. How does hydrnulics diflTer from hTdrottatiesI 413. 
What is a fluid ? 414. What is an elastic fluid ? Whv is air called an elastio flnid 
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415. ^TThe non-elastic flaids.are perhaps more properly called 
liquids, but both terms are employed to signify water and other 
bodies possessing its mechanical properties. The term Jluid^ 
when applied to the air, has the word elastic before it. 

416. One of the most obvious properties of fluids is the 
facility with which they yield to the impressions of other bodies, 
and ike rapidity with which they recover their former state, 
when the pressure is removed. ^ The cause of this is the free- 
dom with which their particles slide over, or among each other ; 
their cohesive attraction being so slight as to be overcome by 
the least impression. ^On this want of cohesion) among their 
particles/seems to depend the peculiar mechanical properties of 
these bodies. 

417. In solids, there is such a connection between the parti- 
cles, that, if one part moves, the other part must move also. 
But, in fluids, one portion of the mass may be in motion, while 
the other is at rest. In solids, the pressure is always downward 
or toward'^h'e center of the earth's gravity ; but, in fluids, the 
particles seem to act on each other as wedges, and hence, when 
confined, the pressure is sideways, and even upward, as well as 
downward. 

418. JEktsticity of Water, — ^Water has commonly been called 
a non-elastic substance ; but, it is found that, 'under great pres- 
sure, its volume is slightly diminished, and hence it is proved 
to be elastic.) The most decisive experiments on this subject 
were made, many years ago, by Mr. Perkins. 

419. These experiments were made by means of a hoi- ^'® *" 
low cyUnder, Fiff, 98, which was closed at the bottom, 
and made water-tight at the top, by a cap screwed 
on. Through this cap, at A, passed the rod 6, which 
was five-sixteenths of an inch in diameter. The c 
rod was so nicely fitted to the cap, as also to be iT J^ 
water tight. Around the rod, at C, there was placed Tl 
a flexible ring, which could be easily pushed up or 
down, but fitted so closely as to remain on any part 
where it was placed. 

A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was furnished 
with a strong cap and forcing pump, and set verti- J 
cally into the ground. The cannon and cyUnder ^S. 

415. What lubitaDoes are called liquids? 416. What is one of the most obvioiu 
propertiei of liqaidi 1 417. On what do the jaeculiar mechanical propertiei of fluids de- 
pend) Inwhatrespeotdoes the pressure of a fluid difier from that or a solid 1 418. Is 
water an elaitio, or a noa-alastie fluid 1 419. Describe Fig. 96, and show bow water waa 
found to be elaatao. 
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were next filled with water, and the cylinder, with its rod 
drawn out, and the ring placed down to the cap, as in the 
figure, was plunged into the cannon. The water in the cannon 
was then subjected to an immense pressure by means of the 
forcing pump, after which, on examination of the apparatus, it 
was found that the ring, C, instead of being where it was 
placed, was eight inches up the rod. The water in the cylinder 
being compressed into a smaller space by the pressure of that 
in the cannon, the rod was driven in, while under pressure, but 
was forced out again by the expansion of the water, when the 
pressure was removed. Thus, the ring on the rod would indi- 
cate the distance to which it had been forced in during the 
greatest pressure. 

420. This experiment proved that water, under the pressure 
of one thousand atmospheres, that is the weight of 15,000 
pounds to the square inch, was reduced in bulk about (one part 
in 24j 

So slight a degree of elasticity, under such immense pressure, 
is not appreciable under ordinary circumstances, and, therefore, 
in practice, or in common experiments on this fluid, water is 
considered fas non-elasticj 

\ EQUAL PRESSURE OF WATER. 

421. The particles of water, and other fluids, when confined^ 
(press on the vessel which confines them, in all directions, both 
upward, dovmward, and sideways^ 

From this property of fluids, together with their weight, very 
unexpected and surprising effects are produced. 

The effect of this property, which we shall first examine, is, 
that a quantity of water, however small, will balance another 
quantity, however large. Such a proposition, at first thought, 
might seem very improbable. But, on examination, we shali 
find that an experiment with a very simple apparatus will con- 
vince any one of its truth. Indeed, we every day see this prin- 
ciple established by actual experiment, as will be seen directly. 

422. This principle is strikingly illustrated by Fig, 99. Sup- 
pose the cistern A to be capable of holding one hundred gal- 
lons, and into its bottom there be fitted the tube B, bent, as 
seen in the figure, and capable of containing one gallon. The 
top of the cistern, and that of the tube, being open, poiil* water 
into the tube at C, and it will rise up through the perpen- 

490. In what proportion does the bulk of water diminith under a preMare of 15,000 
noands to the square inch 1 In common experiments, is walet considered elastic or non- 
elartie 1 431. When water is confined, in what direction does it press 1 433. Ezplam 
Fig. 90. and show how the pressure in the tube is equal to the pressure in the eifjbtu. 
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dicuUr bend into the dstern, and if ^"^- *^ 

the pro^MM be continued, the cistern, '^ 

will be filled by pouring water into 
the tube. Now it is plain, that the 
gallon of nat«r iu the tnbe presses 
against the hundred gallons in tiie cis- 
tern, with a force equal to the pressure 
of one hnndred gallons, otherwise, that 
. in the tube would be forced upward 
higher than that in the cistern, where- 
as, we find that the sur&ces of both iVwAn 1/ waiir. 
stand exactly at the same height 

428, Prom this experiment we learn, "[that thepreisure 0/ 
a fiuid is not in proportion to its gwmtity, hat to its height, 
and that a large quantity of water in an open vessel, presses 
with no more force than a email quantity of the same height."/ 

424. Pressure equal in Vessels of all Sizes and Shapes. — 
The size or shape of a vessel is of no consequence, for if a 
number of vesseb differing entirely from each other in figure, 
poeitioD, and capacity, have a communication made between 
them, and one be filled with water, the sur&ce of the fluid, in 
all, will be_at the same elevation. If^ therefore, the water 
stands at an equal height in all, the pressure in one must be 
just equal to that in another, and so equal to that in all the 



425. To make this obvious, sii^p:»e a number of vessels, of 
different shapes and --l.*, as replanted by Fig. 100, to have 
a eomin"'.l>,uLion between them^ by means of a small tube, 

4S3. Wlut soiulBiiiio, 01 geotnl until, ii tolwdnwn fram thii uiwiiihbI t 4U. 
Whtt dlffiudiKfi dm tba fljupa or bEb of b t«hI nMk« ia mpset to Uh pftmin of k 
fluid to in bougm I 4Si. Eifhin Fif. lOlh and ibow bow Uk •qoililHioii li pndnsad. 
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passing from the one to the other. If, now, one of theso 
vessels be filled with water, or if water be poured into the tube 
A, all the other vessels will be filled at the same instant, up to 
the line B C. Therefore, the pressure of the water in A, 
balances that in 1, 2, 3, <fec., while the pressure in each of these 
vessels is equal to that in the other, and so an equilibrium is 
produced throughout the whole series, ^ 

426. If an ounce of water be poured into the tube A, it will 
produce a pressure on the contents of all the other vessels, 
equal to the pressure of all the others on the tube :^ for, it will 
force the water in all the other vessels to rise upward to an 
equal height to that in the tube itself. Hence, we must con- 
clude, that the pressure in each vessel is not only equal to that 
in anj of the others, but also that the pressure in any one is 

- equal to that in all ijie others. 

427. Pressure as the height and area of the base. By other 
experiments, it is ascertained, that the pressure of a liquid is in 
proportion to its height, and the area of its base. 

vj 428. Suppose a vessel, ten feet high, 
/and two feet in diameter, such as is re- no. loi. 

presented at A, Fig, 101, to be filled 
with water ; there would be a certain 
amount of pressure, at 0, near the bot- 
tom. Let D represent another vessel, 
of the same diameter at the bottom, but 
only a foot high, and closed at the top. 
Now if a small tube, the fourth of^ an 
inch in diameter, be inserted into the 
cover of this vessel, and the tube be 
carried to the height of the vessel A, 
and then the vessel and tube be filled 
with water, the pressure on the bottoms 
and sides of both vessels at the same 
height will be equal, and jets of water 
starting from D and G will have exax^tly 
the same force, and spout to the same distance. 

This might at first seem improbable, but to convince ourselves 
of its truth, we have only to consider, that any impression made 
on one portion of the confined fiuid in the vessel D, is instantly 
communicated to the whole mass. Therefore, the water in the 
tube B, presses with the same force on every other portion of 

496. Suppose an ounce of water be poured inte* tlie tube A, what will be its effect on 
the contents of the other vessels 1 438. How is a small qtantity of water shown to piess 
aquL to % large quantity by Fig. 101 ? 
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the water in D, as it does on that small portion over which it 
stands. (See Fig. 100, 424.) 

429. Bursting a Cask, — ^This principle is illustrated in a 
very striking manner, by the experiment, which has often been 
made, of bursting a common wine cask with a few ounces of 
water. This experiment requires that the cask should contain 
50 or 60 gallons. A small keg will not burst, unless the tube 
be 100 feet high. 

Suppose A, Fig, 102, to be such a cask, 
already filled with water, and suppose the 
tube B, ^hj feet high, to be screwed, water- 
tight, into its head. When water is poured 
into the tube, so as to fill it gradually, the 
cask will show increasing signs of pressure, 
by emitting the water through the pores of 
the wood, and between the joints; and, 
finally, as the tube is filled, the cask will 
burst asunder. 

430. Jet of Water, — The same apparatus 
will serve to illustrate the upward pressure 
of water ; for, if a small stop-cock be fitted 
t5 the upper head, on turning this, when 
the tube is filled, a jet of water will spirt up 
with a force, and to a height, that will aston- 
ish all who never before saw such an ex- 
periment. 

In theory, the water will spout to the 
same height with that which ^ves the pres- 
sure, but, in practice, it is found to fall short in the following 
proportions : — ^ 

431. If the tube be twenty feet high, and the orifice for the 
jet half an inch in diameter, the water will spout jnearly nine- 
teen feet^ If the tube be ^^y feet high, the jet will rise upward 
of forty leet,) and if a hundred feet, it will rise above feighty feet) 
It is understood, in every case, that the tubes are lo be kept 
full of water. 

V ^he height of these jets shows the astonishing efifects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

432. Hydrostatic Paradox. — This paradox, illustrated by 

439. Explain the reason why the pressure is as ffreat at D, as at C. How is the same 
principle iUiutrated by Fig. 102 ? 430. How may Fig. 103 be made to iUustrate the ud- 
ward pressure of water 1 431. Und^r the pressure of a column of water twenty feet high, 
what wiU he the height of the jet 1 Under a prewure of a hundred feet, how high will 
it rise 1 
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HydrodtiOtU Paradox. 

Mg, 103, consists in experimental proof of the principle already 
insisted on, 'that water presses according to its height, and not 
to its quantity J Fill a glass jar with water, and balance it on 
the scale-beana F, E, with small weights. Then pour out the 
water, leaving only an inch or two deep, letting the balance 
weights remain. Replacing the jar, which will now stand 
higher than before, owing to the loss of water, introduce into 
it, by means of the crane, H, a piece of wood a few lines 
smaller in all directions than the inside of the jar. The wood 
being adjusted by means of the thumb-screw, so that the 
water is made to rise around it exactly to the brim, or as 
high as it stood before any was poured out, (the wood not 
touching the glass,) and it will be found that it will exactly 
balance the weights, as it did when full of water, though it now 
contains only a tenth as much as before. 

The result will be the same if, instead of the wood, the same 
bulk of cork or lead be placed in the jar, the only point being, 
that, in each case, the water should rise to the same height. 

The above experiment proves, in a very striking manner, 
that the pressure of water is as its height ; and the reason why 
it makes no difference' in the result whether the body placed ia 
the jar be of wood, cork, or lead is, that the solid merely takes 
the place of the fluid, displacing its own bulk, and thus thd 
weight remains just as though the water itself had remained in 
the jar. Thus, the pressure of a tenth part of the water, of 
equal height, equals the whole. 

^■» ■ I ■■■■■ ■ I ■ I A — ■■■■■ -— —■ — . I ■— — ^1 I ^ I — — ^ — ■» ^ 

433. What does the hydroatatio pandox ehowl Explain by the figure bow the 
experiment i« made 

10 



110 



PRESSURE OF WATER. 



w 




p.. 



c 



433. Proof by Mercury. — In addition to the above proofs, 
that a small will balance a large quantity of water, we add the 
following perhaps the most satisfactory of all. 

Let A, B, 0. Fig, 104, represent a glass tube, having at A, a 
collar cemented to the glass, into which vessels of different 
capacities and shapes, may be screwed. The tube is first filled 
with mercury up to the level of the dotted line A C, and the 
tube G jj, fitted in its place. The vessel D, is then screwed 
into A, and wate» is poured in as far as A, the base of the 
column of water being, 

as seen, equal to that fig. 104. 

of the mercury. The 
fluid metal will rise, by 
the . pressure of the 
water on A, up to j5 in 
the small tube. Then 
unscrew D, and in its 
place fix the conical 
vessel E, and pour in 
water as before, and 
the same result will 
follow, and so with the 
small tube F ; in each 
case, the height of the 
of the water, notwithstanding the difference in quantity, will 
force the mercury to exactly the same elevation. 

434. Hydrostatic Bellows. — 
An instrument called the hydros- 
tatic bellows, also shows, in a strik- 
ing manner, the great force of a 
small quantity of water, pressing in 
a perpendicular direction. 

This instrument consi^'ts of two 
boards, connected together with 
strong leather, in the manner of 
tile r-^'nmon bellows. It is then 
fuFoished witn u. *^'i^e A, Fig, 105, 
which communicates beLWc:*^ the 
two boards. A person standing on 
the upper board may raise himself 
up by pouring water into the tube. HydrostaUe BeUom. 

433. Explain Fig. 104, and show in what manner different quantities of .water will 
balance the tame wei|fht of meronrv, 434. What is the hydrostatic bellows ? What 
property of water is this instruoMnt designed to show 1 
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It the tube holds an ounce of water, and has an area equal to a 
thousandth part of the area of the top of the bellows^ one ounce 
of water in tae tube will balance a thousand ounces placed on 
the bellows. 
V 436. Hydrostatio Press. — ^This property of water was ap- 
/ plied by Mr. Bramah, to the construction of his hydrostatic 
press. But instead of a high tube of water, which in most 
cases could not be so readily obtained, he substituted a strong 
forcing-pump, and instead of the leather Wlows, a metalUc 
pump, barrel, and piston. 

436. This arrangement 
will be understood by Mff, 
106, where the pump-bar- 
rel, A, B, is represented as 
divided lengthwise, in order 
to show the inside. The 
piston, C, is fitted so accu- 
rately to the barrel, as to 
work up and down water- 
tight ; both barrel and pis- 
ton being made of iron. 
The thing to be broken or 
pressed, is laid on the flat 

surface, I, there being above this, a strong frame to meet the 
pressure, not shown in the figure. The small forcing pump,* of 
which D is the piston, and H, the lever by which it is worked, 
is also made of iron. 

Now suppose the space between the small piston and the 
large one, at W, to be filled with water, then on forcing down 
the small piston, D, there will be a pressure against the large 
piston, C, the whole force of which will be in proportion as the 
aperture in which C works, is greater than that in which D 
works. 

437. Use of the Hydrostatic Press. — Havino* exnlained 
by Mq. 106. the r»r?r»/»'-iT ^^ „liieu tnis press acts, we here, 
^iff. 107, show one of the many uses to which it is applied, 
viz : the pressure of books before they are bound. The lever, 
B, works the small forcing pump, D, which is supplied with 
water from the tank, into which it dips. A tube from this ad- 
mits the fluid into the cylinder (not shown) under the large 
piston, which rises with a force in proportion to the sizes of the 
two pistons, as above explained. The top of the press and the 

435. ExDlain Fig. 106. Where is the piston 1 Which it the pump-henel in whieh it 
works 1 Explain Fif. 107. 
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pillars. A, are of iron, the latter of wrought metal. When the 
pressure is sufficient, the stop-cock, £, is turned, and the piston 
remans at rest as long as the case requires. On the top of 
the small tank there is a lever connected with the safety valve. 
Instead of water, whale oil is used in these presses, because it 
neither freezes nor evaporates. 

438. Estimated Force. — It is evident that the force to be 
obtained by this principle, can only be limited by the strength 
of tbe materials of which the engine is made. Thus, if a 
pressure of two tons be given to a piston, the diameter of which 
IS only a quarter of an inch, the force transmitted to the other 
piston, if three feet in diameter, would be upward of 40,000 
tons I but such a force is much too great for the strength of 
any material with which we are acquainted. 

438. If tbiipmDn of two Uni b> iii>ide «i i pMnii of ■ qiuiUi at in inck in liui 
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A Bintill quantitv of water, extending to a great elevation, 
would give tie pressure above ""described, it being only for tb<i 
Bake of convenience, that the fordng-pump is employe<l instead 
of a column of water. 

439. Ruptitre of a Mountain. — There is no doubt, but in tba 
operations of nature, great ejects are sometimes produced 
among mountains, hy a small quantity of water finding its way 
r in the crevieee of tiie rooks fta beneath. 



Rupture ef a Mnnttin. 

(Suppose, in the interior of a mountaio, Fiff. 108, there 
should be a space of ten yards square, and an inch deep, filled 
with water, and closed up on all sides ; and suppose that, in the 
course of time, a small fissure, no more than an inch in diame- 
ter, should be opened by the water, from the height of two 
huudred feet above, down to this little reservoir. The conse- 
quence might be, that the side of the mountain would burst 
asunder, &ii the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand lonsy 

440. Prature on Veisdn with Oblique Sidet. — It is obvious, 
tiiat, in a vessel, the sides of which are every where perpendicu- 
lar to each other, the pressure on the bottom (will be as the 
height, and that the pressure on the sides will every where be 
equal, at an equal depth of the liquid.. 

But it is not so obvious, that in a vessel having oblique sides, 
that is, diverging outward from the bottom, or converging from 
t^e bottom toward the top, in what manner the pressure will 
be sustfuned. 
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Pmsure on Diverging Sides. 



44 1. ;lN'ow, the pressure on the bottom of any vessel, no mat- 
ter what the shape may be, is Aqual to the height of the fluid, 
and the area of the bottom, (428.) 

Hence the pressure on 
the bottom of the vessel 
sloping outward. Fig, 
109, will be just equal to 
what it would be, -were 
the sides perpendicular, 
and the same would be 
the case did the sides 
slope inward instead of outward.} Jn a vessel of this shape, the 
sides sustain a pressure equal to the perpendicular height of 
the fluid, above any given pointJ 

PRESSUEE OF WATER IN POUNDS, AT VARIOUS DBPTHB. 

442. The weight of a cubic inch of water at the temperature 
of 62°, ^ the 0.036065 fraction of a pounds A column of 
water one foot high, being twelve times the above, would there- 
fore be 0.4328 pounds. 

443. Now a square foot is 144 square inches, and therefore 
the pressure, or weight, of a square foot of water will be found 
by multiplying the above fraction by 144, which gives 62.3232, 
or nearly 62 and a third pounds. Omitting the decinials, a 
cubic foot of water is commonly estimated atj^ 02 pounds./ 

The following table, founded on the above estimates, may be 
useful in determining the pressure of water in pipes or other 
vessels, of known depth. 



Dtpth in FeeC. 


PnHim per aquan Inch. 


Premore per aqoara Foot. 




Founds. 


Foundi. 


1 


0.4328 


62.3232 


2 


0.8656 


124.6464 


3 


1.2984 


186.9696 


4 


1.7312 


249.2928 


5 


2.1640...... 


.....311.6160 


6 


2.5968 


A... 373.9392 


7 


3.0296 


436.2624 


8 


3.4624 


498.5856 


9 


3.8952. 


560.9088 


10 


4.3280: 


623.2320 



Suppose it is required to know the pressure on the bottom 

441. On the contrary, did the tidei of the veswl sIom inward exactly the tame 
amount of pressure aocoYdinc to the hei^t, what would be the result 1 443. What it 
the weight of a cubic inch of water 1 What is the weight of a cubic foot of water 1 
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of a vessel of water, 1 foot square and 20 feet deep, then it is 
found by doubling that of 10 fee^ deep, thus 623.2320x2 = 
1246.464 pounds. The pressure on a tube equal to an inch 
square, and of an equal depth, is found by substituting inches 
for feet as above seen. 
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444. We have seen, that in whatever situation water is 
placed, it always tends to seek a level, (424.) Thus, if several 
vessels communicating with each other be filled with water, the 
fluid will be at the same height in all, and the level will be 
indicated by a straight line drawn through all the vessels as in 
Fig. 100. 

It is on the principle of this tendency that the litUe instru- 
ment called the water level is constructed. 

445. Let A, Fiff. 110, be a straight glass tube having two 
legs, or two other glass tubes rising from each end at right- 
angles. Let the tube A, and a part of the legs, be filled with 
mercury or some other liquid, and on the surfaces, B 0, of the 

FIG. 110. 
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liquid, let floats be placed, carrying upright wires, to the ends 
of which are attached sights at. 1, 2. These sights are repre- 
sented by 3, 4, and consist of two fine threads or hairs, stretched 
at right-angles across a square, and are placed at right-angles 
to the length of the instrument. 

445. Ezplain by Fif . 110, how an exact line may be obtained by adjusting the lighti. 
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446. They are so adjusted that the point where the hairs 
intersect each other, shall be at equal heights above the floats. 
The principles on which this adjustment depends are easily 
explained, and is as follows : if the intersections of the haiM be 
at the same distance from the floats, the line joining these in- 
tersections will evidentlj be parallel to the lines joining the 
surfaces B, C, of the liquid, and will therefore be level. Bui if 
one of these points be more distant from the floats than the 
other, the line joining the intersections will point upward if 
viewed from the lower sight, and downward if viewed from the 
higher one. 

The accuracy of the results of this instrument, will be greatly- 
increased by lengthening the tube A. 

447. Spirit Level. — ^The common fig.ui. 
^rit level consists of a glass tube, 
Fiff, 111, filled with spirit of wine, ex- 
cepting a small space in which there 
is left a bubble of air. This bubble, 

when the instrument is laid on a level ^"* ^^'^' 

surface, will be exactly in the middle 

of the tube, and therefore, to adjust a level, it is only necessary 
to bring the bubble to this position. 

The glass tube is inclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in the figure. 

448. This instrument/ is employed by builders to level their 
work^^and is highly convenient for that purpose, since it is only 
necessary to lay it on a beam to try its level. 

BPBCIFIO GRAVITY. 

* 

449. Jf a tumbler he filed roith water to the brim, and an 
egg, w any other heavy solid, he dropped into it, a quantity of 
the fluid, easactly equal to the size of the egg, or other solid, wUl 
be displaced, arid will fl,ow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

450. Now, it is found by experiment, that when any solid 
substance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to that oi^e bulk of water which it dis- 
places. This is readily made evident by experiment 

446. Explain the principle on which the water level with sights is constructed. 447. 
Describe the common spirit level, and the method of using it. 448. What is the use of 
the kvel 1 449. How much water will an egg displace 1 450. Bow much toss will a 
cobio inch of any substance weigh in water tbui in atr 1 



SFSCIFIC ORAYITT. 



117 




WngUng t» Water, 



451. Take apiece of ivoiy, or any other substance that will 
cdnk in water, and weigh it accurately in the usual manner ; 
then suspend it by a thread, or hair, in the empty cup A, Fig, 
112, and balance it, as shown in the figure. Now pour water 
into the cup, and it will be found that me suspended body will 
lose a part of its weight, so that a certain number of grains 
must be taken from the 

opposite scale, in order to ^^- ^^ 

make the scales balance 
as before the water was 
poured in. The number 
of grains taken from the 
opposite scale, show the 
weight of a quantity of 
water equal to the bulk 
of the body so suspend- 
ed. 

452. It is on this prin- 
ciple, that bodies weigh 
less in the water than 
they do when weighed 
out of it, or in the air, 
that water becomes the means of ascertaining their specific 
gravities, for it is by comparing the weight of a body in the 
water, with what it weighs out of it, that its specific gravity is 
determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and on 
being weighed in water, weighs only 18 ounces, or loses a nine- 
teenth part of its weight, it will prove that gold, bulk for bulk, 
is nineteen times heavier than water, and thus 19 would be the 
specific gravity of gold. And so if a cube of copper weigh 9 
ounces in the air, and only 8 ounces in the water, men copper, 
bulk for bulk, is 9 times as heavy as water, and therefore has a 
specific gravity of 9. 

453. If the body weighs less, bulk for bulk, than water, it is 
obvious that it will not > -sink in it, and therefore weights must 
be added to the lighter body, to ascertain how much less it 
weighs than water. 

The specific gravity of a bodyv then, is merely its weight 
compared with the same bij|||k of water; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

451. How i« it proved by Fi'^r. 113, that a body weighs lew in water thaa in air t 45S, On 
' what priooiple are ipaoifia gravities found 1 453. Vvhat i« the ipeoifio gravity of a body 1 
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454. How to taJee the Specific Oravitv, — ^To take the specific 
gravity of a solid which sinks in water,^rst weigh the body in 
Qie usual manner, and note down the number of grains it 
weighs ; then, with a hair, or fine thread, suspend it from the 
bottom of the scale-dish, in a vessel of water, as represented by 
Fig, 112. As it weighs less in water, weights must be added 
to the side of the ^le where the body is suspended, until they 
exactly balance each other. Next, note down the number of 
grains so added, and they will show the difierence between the 
weight of the body in air and in water.] 

455. It is obvious that the greater tne specific gravity of the 
body, the less, comparatively, will be this difference, mecause 
each body displaces only its own bulk of water, and some bodies 
of the same bulk will weigh many times more than othersJ 

456. For example, suppose that a piece of platina, weigning 
22 ounces, will displace an ounce of water, while a piece of 
silver, weighing 22 ounces, will displace two ounces of water. 
The platina, therefore, when suspended as above described, will 
require one ounce to make the scales balance, while the same 
weight of silver will require two ounces for the same purpose. 
The platina, therefore, bulk for bulk, will weigh twice as much 
as the silver, and will have twice as much specific gravity. 

Having noted down the difference between the weight of the 
body in air and in watei*, as above explained, the specific gravity^ 
is found (^by dividing the weight in air by the loss in water.) 
The greater the loss, therefore, the less will be the specific 
gravity, the bulk being the same. 

467. Thus, in the above example, 22 ounces of platina was 
supposed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now, 22 divided by 2, the loss of 
the platina, is 11 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 11, while that 
of silver is 22. The specific gravities of these metals are, how- 
ever, a little less than here estimated. 
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8. TABLE OF SPECIFIC 


GRAVITIES. 




8UB8TA,NCB«. 


Sp.Gr. 


8UBSTA.NCBS. 


Sp.6r. 


SVBSTANCBS. 


Sp. Gr. 


Cork, 


0,34 

0,38 

0,439 

0,677 

0,713 

0,5» 

0,793 

0,872 

0,929 

0,916 

1,000 

1,036 


Milk, 


1,030 

1,170 

1.770 

1,846 

1,917 

9,03 

2.6 

2,66 

2,60 

2,80 

3,53 

4.426 


Chromium, 

Antimony, 

Zinc, 


5,900 

6,712 

7,037 

7,788 

8,816 

8,875 

9,820 

10,474 

11,852 

13,598 

19,325 

32,109 


Poplar Wood, 

Lime Tree, 

JIutWood 

Ether, 


Oak Wood, 

Pbo«phoras,.., 

Sulph. Acid; 

Ivory, 


Iron, (wrought) .... 
Steel, 


Pine Wood, 

Alcohol 


Sulphur, 


Copper, (wrought). 
Bismuth 


Quartz, 


Oil Turpentine, .... 
Poddy Oil. . .. .. 


Basalt, 


■Silver, 


Bottle Glass, 

Granite, 


'Jjcad 


loe 


Mercury, 


Water, 


Diamond, 


Gold, 


Sea Water, 


Heavy Spar, 


Platinum. .■ 





HTDROMBTBR, 



Remark!. — The wood in- the abore is supposed to be dry, 
and the Alcohol or Turpentine to be of the usual strength. 



This term comes from two Greek words, meaning water and 
to measure, that is to measure the weight of water. 

459. The kydrometer^is an inHrumyti by which the speeifia 
gravitiei of fiuidt are ascertained by the depth to which the in- 
atrumenl sinks below their surfaces.) 

460. Suppose a cubic inci) of lead loses, when weighed in 
water, 253 grains, and, when weighed in alcohol, only 209 
grains, then, according to the principle already recited, a cubic 
inch of water actually weighs 253, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces. 

461. Water, as we have already seen, (453,) is the standard 
by which the weights of other bodies are compared, and by 
ascertaining what a ^ven bulk of any substance weighs in 
water, and then what it weighs in any other fluid, the compara- 
tive weight of water and this fluid will be known. For i^ as in 
the above example, a certain bulk of water weighs 253 grains, 
and the same bulk of alcohol only 209 grains, then alcohol has a 
specific gravity nearly one fourth less than water. j^_ j,j^ 

462. It is on this principle that the hydiom- 
etor is constructed, ilt is composed of a hol- 
low ball of glass, or metal, with a gr^uated scale 
rising from its upper part, and a weight on its 
under part, which serves to balance it in the fluid.) 

Such an inatrument is represented by I^iff. 
113, of which B, is the graduated stale, and A, 
the weight, the hollow ball being between them. 
, 463, To prepare this instrument for use, 
[weights in grains, or half-grains, are put into 
the little cup. A, until the scale is carried down 
so that a certain mark on it coincides exactly 
with the surface of the water.) This mark, then, 
becomes the standard of oomparisoo between Btdrnutir. 
water and any other liquid in which the hydrometer is placed. 

body w«igh oompimlivelj le» in Uw inMr Ihan a light i>d« 1 4S8. Having Irtsn Ihe 
diffrrsnM bet»«n Ibo weighl of ■ liody in ail ind in waiei, by wbit rate ii the ipeoiaii 
(n>ilr round 1 tS7. Gi.e thetnnihlg lUWd.ind •hcoU.r Ihgdin^renM WwMn 
thc>p«iSiign7ilie.<,f plmiDii und lilvor i> laaod. tS8. Who! ii llm UydrDiiieUcI 
MO. SuppOH B cubic inch of sn; lubaUnu wiilhi 253 ciami leu m waler than in sir, 
whit ii (he utual weilhl of a oabia inch of waMi I tel. On what prinoiiili it Iha b;r- 
JromatoT fouDded 1 403. How it thit inalmmenl Tonn^ 1 403. How ii thb hjdramaUff 
piafttndlbr aul 
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464. If plunged into a fluid ligiiter than water, it will sink 
below tiie mark, and, consequently, the fluid will rise higher on 
the scale. K the fluid is heavier than watei', the scale will rise 
above the surface in proportion, and thus it is ascertained in a 
moment whether any fluid has a greater or less specific gravity 
than water. 

To know precisely how much the fluid varies from the 
standard, ^the scale is marked ofif into degrees, which indicate 
grains by weight,) so that it is ascertained very exactly how 
much the specific gravity of one fluid differs from ^at of another. 

465. v^ater^ being the standard by which the weights oi 
other substances are compared, it is placed as the unit, or point 
of comparison, and is, therefore, 1, 10, 100, or 1,000, the ciphers 
being added whenever there are fractional parts expressing the 
specific gravity of the body. It is always understood, therefore, 
that the specific gravity of water is j) and when it is said a 
body has a specific gravity of 2, it is only meant ^ that such a 
body is, bulk for bulk, twice as heavy as water.j 

466. If the substance is lighter than water, it has a specific 
gravity of 0, with a fractional part. Thus, alcohol has a spe- 
cific gravity of 0,809, that is, 809, -water being 1,000. 

467. By means of this instrument, it can be told with great 
accuracy how much water has been added to spirits, , for the 
greater the quantity of water, the higher will the scale rise 
above the surface.; 

The adulteration of milk with water, can also be readily de- 
tected with it, for as new milk has a specific gravity of 1,032, 
water being 1,000, a very small quantity of water mixed with 
it would be indicated by the instrument 

THE SIPHON. 

468. .Take a tube bent like the letter U, and, having filled it 
with water, place a finger on each end, and in this^tate plunge 
one of the ends into a vessel of water, so that the end in the 
water shall be a little the highest ; then remove the fingers and 
the liquid will fiow out, and continui^to do so until the vessel 
is exhausted. ' * 

469. A tube acting in this manner is called a siphon, and is 

464. How it it known by this instrument whether the fluid is lighter or heavier than 
water 1 465. What is the standard by wfaieh the weights of other bodies are compared 1 
What is the specific gravity of water 1 When is it said that the specific gravity of 
a body is 3 or 4, what meaning is intended to be conveyed 1 466. If alcohol nas a spe- 
cific gravity of 809, what, in reference to this, is the s|)ecific gravity of water % 467. 
In what cases will the hydrometer detect fraud ? 468. In what manner is Miphon made 1 
460. Explain the reason why the water ascends through one leg of the siphon, and 
descends through the other 1 
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represented by -Air. 114, (The reason pio h. 

why the water flows from tJie end of the 

tnbe, A, and, consequently, ascends 

through the other part, is, that there is 

a greater weight of the fluid from B 

to A, than from C to B, because the 

perpendicular height Irom B to A, ^ 

the greatest. The weight of the water 

from B to A, falling downward by ita 

gravity, tends to form a vacuum, or 

void space, in that leg of the tube ; but 

the pressure of the atmosphere on the 

water in the vessel, constantiT forces avitM. 

the fluid up the other leg of the tube, 

to fill the void space, and thus the 

stream is continued as long as any water remans in the vessel. 

410, -Chemical Siphon. This is designed to draw ofi' the 
liquid without disturbing' the sediment at the bottom of the 
vessel. It consists of the bent tube, B, 
C, with the end, C, turned upward. To "■'■ "*■ 

use it, place the finger on B, and intro- 
duce C, into the liquid, not so deep as to 
reach~the sediment, D, then draw the 
air by suction, from E, and on removing 
the finger, the liquor will flow out at B. 
This is a highly convenient instrument 

471, Application of the Siphon. — 
The siphon is employed in draining 
mines, when there is a suflident tall in 
tiie vidnity : it may also he used to 
convey water over a hill, provided the 
place where it is wanted is a foot or 
two lower than the fountain. aumiau s***ii. 

For this purpose, let A be a spring, 
Fiff. 116, situated behind a hill, and it is desired to bring the 
water to B, for family use. To do this, a lead tube, with a 
stop-cock at C, is earned over the hill, having also a stop-cock 
at each end. This done, and the two ends being closed, fill 
the two legs of the tube by pouring in water at C ; then C 
being closed, let one person open the stop-cock at B, and a mo- 
ment after, open that at A, and the water will instantly begin 

17^EipUiii if FIf. lie, how tbe ilptacm oonnyi wiut era i h3l. 
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to flow from the spring to the reservoir, and if C, is kept closed, 
will continue io run so long as the fountain furnishes water. 

The principle of the siphon has been explained under 
Fig. 114. 



472. The action of the siphon depends upon the same prin- 
ciple aa the action of the pump, namely, the pressure of the 
atmosphere, and therefore, its explanation properly belongs to 
Pneumatics. It is introduced here merely for the purpose of 
illustrating the pbenomeila of intermitting springs, a subject ' 
which belong to Hydrostatics. 



Some springs, situated on the sides of mountains, flow for a 
while, with great violence, and then cease entirely. After a 

473. vniMii>«iiot«niiinlniipriii(I 473. Row ii lbs phiiooniaixHi of U» imcrniiiiiw 
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time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs, j Among ignorant 
and superstitious people, these strange appearances nave been 
attributed to witchcraft, or the influence of some supernatural 
power. But an acquaintance with the laws of nature will dis- 
sipate such ill-founded opinions, by showing that they owe their 
peculiarities to nothing more than natural siphons, existing in 
the mountains from whence the water flows. 

473. Fig. 117 is the section of a mountain and spring, show- 
ing how the principle of the siphon operates to produce the 
effect described. (Suppose there is a crevice, or hollow, in the 
rock from A to B, and a narrow fissure leading from it, in the 
form of the siphon B C, The water from the rills, F E, filling 
the hollow, up to the line, A D, it will then discharge itself 
through the siphon, and continue to run until the water is 
exhausted down to the leg of the siphon B, when it will cease. 
Then the water from the rills continuing to run until the 
hollow is again filled up to the same line, the siphon again 
begins to act, and again discharges the contents of the reservoir 
as before, and thus the spring, P, at one moment flows with 
great violence and the next moment ceases entirely.) 

The hollow, above the line A D, is supposed not to be filled 
with water at all, since the siphon begins to act whenever the 
the fluid rises up to the bend, D. 

During the dry seasons of the year, it is obvious, that such a 
spring would cease to flow entirely, and would begin again only 
when the water from the mountain filled the cavity through 
the rills. 



^ 



CHAPTER VI. 

HYDRAULICS, 



474. It has been statefi^ (^^^0 ^^^ Hydrostatics is that 
branch of Natural Philosophy^ which treats of the weight, pres- 
sure, arid equilibrium of fluids,' and that Hydraulics hxisfor 
its object, the investigation of the laws which regulate the fluids 
in motion.] 

If the pupil has learned the principles on which the pressure 

Explain Fig. 117, and show the reaaon why such a Bpriof will flow and oease to flow, 
alternately. 474. How does the science of Hydrostatics differ from that of Hydraulics * 



134 HTDRAULI09. 

and equilibrium of flnida depend, as expl^ned under the 
former article, he irill now be prepared to understand the lawa 
which govern fluids "vheia in motion. 

475. The pressure of water downward, is la the same pro- 
portion to its height, as is the pressure of solids in the same 
direction. 

476. Suppose a vessel of three incben in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh nine 
pounds; then the pressure ou the bottom of the vessel will be 
nine pounds. If another billet of wood be set on this, of the 
same dimensions, it will press on its top with the weight of 
nine pounds, and the pressure at the bottom will be eighteen 

Eunds, and if a like billet be set on this, the presaure at the 
ttom will be twenty-seven poimds, and so on, m this ratio, to 
anv height the column is earned. 

Now the pressure of fluids is in the same proportion ; and 
when confined in pipes, may be considered as one short column 
set on another, each of which increases the pressure of the 
lowest in proportion to their number and height. 

477. If a vessel, 

Fiff. 118, be filled ™-ii8- 

with wat«r, and 
three apertures be 
made in its side at E 
F 0, the fluid wiU 
be thrown out in 
jets, falling to the 
earth in the curved 
lines shown. The 
reason why these 
curves differ in 
shape, is, that the 
fluid is acted on 
by the two forces, t 

namely, the pres- PefaeOir"^''™"*- 

Aure of the water 

above the jet, which produces its vdocity forward, and the ac- 
tion of gravity, which impels it downward. It therefore obeys 
the same laws that solids do when projected forward, and fdls 

vs. DoolhadowDwrnrdpimaniDriiiiUi dilfu from llm dawaward pnmra i^nlidi, 
Id pfuiortlun 1 4TS. Bow ji iht ia^uwtrd preaurg at water jLlunrsUd ) Whf do thg 
llBaJuciibsd b];tbeieu rrom Uie •&»!, Pi(. US. diSer in ihipal Whit twoliircn 
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down in curved Imes, the shapes of which depend on thdr rela- 
tive velocities, (245.) 

478. Tlje quantity of water discharged, being in proportion 
to the pressure when the orifices are the same, that discharged 
from each orifice will differ in quantity, according to the height 
of the water above it.l 

479. It is found, ,however, tiiat the velocity with which a 
vessel discharges its contents, does not^ depend entirely on the 
pressure, but in part on the kind of orifice through which the 
liquid fiows. It might be expected, for instance, that a tin ves- 
sel of a given capacity, with an orifice of, say an inch in diam- 
eter, would part with the contents sooner than another of the 
same capacity and orifice, whose side was an inch or two thick, 
since the friction through the tin might be considered much 
less than that presented by the other orifice. 

480. But it has been found, by experiment, that the tin ves- 
sel does not part with its contents so soon as another vessel, of 
the same height and siz^ of orifice, from which the water flowed 
through a snort pipe. And, on varying the length of these 
pipes, it is found that the most rapid discnarge, other circum- 
stances being equal, is through a pipe, whose'length is twice the 
diameter of its orifice. , Such an aperture discharged 82 quarts, 
in the same time that another vessel of tin, without the pipe, 
discharged 62 quarts. 

481. This surprising difference is accounted for, by suppos- 
ing that the cross currents, made by the rushing of the water 
from different directions toward the orifice, mutually interfere 
with each other, by which the whole is broken, and thrown 
into confusion by the sharp edge of the tin, and hence the 
water issues in the form of spray, or of a screw, from fluch «q 
orifice. A short pipe seems to correct this contention among 
opposing currents, and to smooth the passage of the whole, and 
hence we may observe, that from such a pipe, the stream is 
round and well defined. 

482. Proportion between the Pressure and the Veloeity of 
Discharge. — K a small orifice be made in the side of a vessel 
filled with any liquid, the hquid will flow out witii a force and 
velocity equal to the pressure which the liquid before exerted on 
that portion of the side of the vessel before the orifice was made. 

478. In what proportion do the orifices discharge the fluid 1 479. Does the velocity 
with which a fluid is dischargedf depend eetirely on the pressnie'! 480. What eireum- 
stance, be«ides pressure, facilitates the discharge of water from an orifice ? In a tube dis- 
charging water with the greatest velocity, what is the proportion between its diameter and 
its lengUi 1 What is the proportion between the quantity of fluid discharged throi^ 4m 
orifice of tin and through a short pipe 1 481. How is this difl'erenoe ezplaiaed 7 4SA 
What are the proportions between the velocities of discharfa and the neights of thD 
orifioes, m above explained 1 
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FIG. 119. 



Now, as the pressure of fluids is as their heights, it follows, 
that if several such oriflces are made, the lowest will discharge 
the greatest, while the highest will discharge the least quan- 
tity of the fluid. 

The velocity of discharge, in the several oriflces of such a 
vessel, will show a remarkable coincidence between the ratio 
of increase in the quantity of liquid, and the increased velocity 
of a falling body. 

483. Thus, if the tall vessel, Fig, 119, 
of equal dimensions throughout, be 
filled with the water, and a small orifice 
be made at one inch from the top, or 
below the surface, as at 1 ; and another 
at 2, 4 inches below this ; another at 
9 inches ; a fourth at 16 inches ; and a 
fifth at 25 inches; then the velocities 
of discharge, from these several orifices, 
will be in proportion of 1, 2, 3, 4, 6. 

484. To make this more obvious, we 
will place the expressions of the several 
velocities in the upper line of the fol- 
lowing table, the lower numbers ex- 
pressing the depths of the several 
orifices. 




Velocity of Discharge, 



Velocity, .... 
Depth, 



1 
1 



2 
4 



3 
9 



4 
16 



5 
25 



6 
36 



7 
49 



8 
64 



9 

81 



10 
100 



Thus it appears, as in falling bodies, that to produce a two- 
fold velocity a fourfold height is necessary. To obtain a three- 
fold velocity of discharge, a ninefold height is required, and for 
a fourfold velodty, sixteen times the height, and so in this pro- 
portion, as shown by the table, (114.) 

In order to establish the fact^ that the velocity with which a 
liquid spouts from an orifice, Is equal to the velocity which a 
body would acquire in falling unobstructed from the surface 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of the principle in any one particular case. 
. Now it is manifestly true, if the orifice be presented down- 
ward, and the column of fluid over it be of small height, then 
this indefinitely small column will drop out of the orifice by 
the mere efiect of its own weight, and, therefore, with the 

483. If ID Fig. 119, orifices are made at the distance of 1, 4, 9, 16, and 25 inches from 
the top, then in what ratio of velocity will the water be discharged ? 484. How is it 
piovea that the velocity of the spouting liquid is equal to that of a fulling body ? 
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same velocity as any other falling body ; but as fluids trans- 
mit pressure in all directions, the same effect will be produced, 
whatever may be the direction of the orifice. 

^/ FRICTION BETWEKN SOLIDS AND FLUIDS. 

485. The rapidity with which water flows through pipes of 
the same diameter, is found to depend much on the nature 
of their internal surfaces. Thus a lead pipe, with a smooth 
aperture, under the same circumstances, will convey much 
more water than one of wood, where the surface is rough, 
or beset with points. In pipes, even where the surface is as 
smooth as glass, there is still considerable friction, for in all 
oases, the water is found to pass more rapidly in the middle 
of the stream than it does on the outside, where it rubs against 
the sides of the tube. 

486. The sudden turns, or angles of a pipe, are also found 
to be a cqpsiderable obstacle to the rapid conveyance of the 
water, for such angles to throw the fluid into eddies or currents 
by which its velocity is arrested, r 

In practice, th'erefore, sudden turns are generally avoided, 
and wnere it is necessary that the pipe should change its direc- 
tion, it is done by means of as large a circle as convenient. 

487. Water in Pipes, — Where it is proposed to convey a 
certain quantity of water to a considerable distance in pipes, 
there will be a great disappointment in respect to the quantity 
actually delivered, unless the engineer takes into account the 
friction, and the turnings of the pipes, and makes large allow- 
ances for these circumstances. If the quantity to be actually 
delivered ought to fill a two^inch pipe, one of three inches will 
not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will discharge about five times 
as much water as one of one inch in diameter of the same 
length, and under the same pressure. 

488. This difference is accounted for, by supposing that both 
tubes retard the motion of the fluid, by friction, at equal dis- 
tances from their inner surfaces, and consequently that the 
effect of this cause is much greater in proportion, in a small 
tube, than in a large one. 



485. Suppose a lead and a glass tube, of the same diameter j which will deliver the 
greatest quantity of liquid in the same time 1 Why will a glass tube deliver most 1 486. 
What is said ofthe sudden turnings of a tube, in retarding the motion of the fluid 7 487 
Row much more water will a two-ioch tube of a hundred feet long discharge, than a one 
inoh tube ofthe aame length 1 488. How is this difference accounted for f 
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489. Flomng,<^ JUvers. — ^The effect of friction in retardiag 
the motion of fluids is perpetaally illustrated in the flowing of 
rivers and brooks. On the side of a river, the water, especially 
where it ia shallow, is nearly still, while in the middle of a 
stream it may run at the rate of five or six miles an hour. For 
the same reason, the water at the bottoms of rivers is much 
less rapid than at the surface. This is often proved by the 
oblique position of floating substances, which in still water 
would assume a vertical direction. 

Thus, suppose the stick of wood E, 
I'iff. 120, to be loaded at one end "~ 

mih lead, of the same diameter as 
the wood, HO as to make it stand up- 
right in still water. In the current 
of a river, where the lower end nearly 
reaches the bottom, it will incline as 
in the figure, because the water is 
more rapid toward the surface than 
at the bottom, and hence the tenden- 
cy of the upper end t« move faster 
than the lower one, gives it an iUHrCurrnu 

inctinstJOD forward. 



490. The common pump, though a hydranlic machine, de- 
pends on the preasnre of the atmosphere for its effect, and 
therefore its explanation comes properly under the article 
Pceuniatics, where the consequences of atmospheric pressure 
will be illustrated. 

Such machines only as raise water without the assistance of 
the atmosphere, come properly under the present article. 

491. Ajiohimbdes' Screw, — Among theae, one of the most 
curious, as well as ancient machines, is the screw of Arehimedei, 
and which was invented by that celebrated philosopher, two 
hundred years before the Christian era, and then employed for 
raising water, and draining land in Egypt. 

492. It consists of a tube, made of lead, or strong leather, 
coiled round a cylinder of wood or iron, as represented by Fiff. 
121. It has support at each end, turning on gudgeons, th« 
upper end being sometimes ftirnished with cog-wheels to (pve 
a more easy and rapid motion. Both ends are open, the lower 



one being placed so ht under the water as not to ^ot the 
orifice to come above the surface in turning; the other dia- 
chargee the water in an uninterrupted stream. 

493. The angle at which these machines work depends on 
the manner of windmg the tube on the cylinder; that is, 



whether the folds touch each other, or are at a distance apwt, 
for it h obvious that if the tube passes only a few Umes around 
the support, this must be in too nearly a horizontal position to act ; 
but if the folds nearly touch, as in the figure, it may be placed 



the screw turns, otherwise the water would not run. This is 
shown by the figure. This machine, as above stated, is a very 
ancient invention, but has been re-invented in modern times, 
and employed in most parts of Europe. 

It has been constructed in various ways besides that here 
represented. One was, to cut a spiral groove in a large log of 
wood, and cover this vrith metal, leader, oT boards, so as to 
make it hold the water. The screw being thus sunk into the 
wood, instead of being ontheoutside, as commonly represented. 

494. When it was necessary to raise the water to a great 
h^ght, a aeries, one obliquely above the other, were employed, 
platforms being constructed, with vessels to contain the water, 
the lower end of the second screw taking that which was ele- 
vated by the first; the third receiving that carried up by the 
second, and so on. At present we beUeve this en^ne is no- 
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where used except as a curiosity, there heing better means of 
nusing water. 

496. This principle is readily illustrated by winding a piece 
of lead tube round a walking-stick, and then turning the whole 
with one end in a dish of water, as shown in the figure. 

Theory of Archimedes* Screw. — ^By the following cut and 
explanation, the manner in which this machine acts will be un- 
derstood. 

496. Suppose the fig. o. 

extremity 1, Fig. 
a to be presented 
upward, as in the 
figure, the screw it- 
self being inclined 
as here represented. 
Then, from its pe- 
culiar form and 
position, it is evi- 
dent, that commenc- 
ing at 1, the screw 
will descend until 

we arrive at a certain point, 2 ; in proceeding from 2 to 3, i» 
will ascend. Thus, 2 is a point so situated that the parts of 
the screw on both sides of it ascend, and therefore if any body, 
as a ball, were placed in the tube at 2, it could not move in 
either direction without ascending. Again, the point 3 is so 
situated, that the tube on each side of it descends ; and as we 
proceed we find another point, 4, which, like 2, is so placed, that 
the tube on both sides of it ascends, and, therefore, a body 
placed at 4, could not move without ascending. In like -man- 
ner, there is a series of other points along the tube, from which 
it either descends or ascends, as is ob\aous by inspection. 

Now let us suppose a ball, less in size than the bore of the 
tube, so as to move freely in it, to be dropped in at 1. As the 
tube descends from 1 to 2, the ball of course wiU descend down 
the to 2, where it will remain at rest. 

Next, suppose the ball to be fastened to the tube at 2, and 
suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downward, and the point 2 brought to 
highest point of the curve 1, 2, 3. # 

497. The last movement of the spiral, it is evident, would so 

495. How may the principie of Archimedes' screw be readily illustrated 1 496. Explain 
the manner in which a ball would ascend, Fig. a, by taming the screw. 497. On what 
property of fluids does the ascent of tlie water depend 1 



change the positions of the ascendiDg and dexceading parts, u 
to continue tlie motion upward, but it must bo remembered that 
the water differs from the ball used for illustration, in havine a 
constiint pressure downward, and consequently upward, and that 
the ascent of the water depends on this property of the action 
of fluids. 

498. Barker's Mill, — For the different modes of applying 
water as a power for driving mills, and other useful purposes, 
we most refer the reader to works on practical mechanics. 



Cenltifagtl Mill. 

There is, however, one method of turning machinery by water, 
« invented by Dr. Barker, which is strictly a philosophical, and, 
at the same time, a most curious invention, and therefore is 
properly introduced here. 

This machine is called Barker's eentrifttffal mill, and such 

US, Dsteiiln Baikal'! eenttirugnl miH, Fij. IM 
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parus of it as are necessary to understand the principle on which 
11 acts are represented by Fig, 122. 

The upright cylinder A, is a tube which has a funnel-shaped 
mouth for me admission of the stream of water from the pipe, 
F. This tube is six or eight inches in diameter, and may be 
from ten to twenty feet long. The arms, D, are also tubes 
communicating freely with the upright one, from the opposite 
sides of which they proceed. The shaft, G, is firmly fastened 
to the inside of the tube, (^nings at the same time being left 
for the water to pass to the arms, D. The lower part of the tube 
is solid, and turns on a point resting on a block of stone or 
iron, B. The arms are closed at their ends, near which are the 
orifices on the sides opposite to each other, so that the water 
spouting from them will fly in opposite directions. The stream 
from the pipe, F, is regulated by a stop-cock, so as to keep the 
tube A, constantly full without overflowing. 

499. To set this engine in motion, nothing is required but 
the force of the water, which being let in by the pipe, descends, 
and spouting from the opposite orifices, the motion immediately 
begins, and if the main tube is of sufficient length, and kept 
full of water, it will in a few minutes acquire a whirling ve- 
locity which vrill astonish any one who has not before seen this 
curious machine. 

600. With respect to the theory of its motion, Euler, Greg- 
ory, Brande, and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmosphere, 
but on trial it is said to revolve most rapidly in a vacuum. It 
is therefore difficult to explain very clearly on what its motion 
does depend. Dr. Gregory says, " In this inachine the water 
does not act by its weight, or momentum, but by its centrifugal 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of discharge." 
Dr. Brande says, " Hie resistance, or reaction generated by the 
water issuing from the holes, is such as to throw the vertical 
pipe with its arms and axis into rapid rotary motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a curiosity^ by the waste water from the water-ram de- 
scribed a few pages hence. The shaft may be from two to four« 
feet in length, and an inch or two in diameter, the arms being 
one-half or one-third this size. The orifices in the arms must 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

499. How it this mill wt in motion 1 500. What i« the theory of Barker's mill 1 
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After a few revolutions, the machine' will receive an addi- 
tional impulse bj the centrifugal force generated in the arms, 
and in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur bj^the pressure 
of that in the upright tube alone. The centrifugal force, and 
the force of the discharge thus acting at the same time, and 
each increasing the force of the other, this machine revolves 
with great velocity and proportionate power. The friction 
which it has to overcome, when compared with that of other 
machines, is very slight, being chiefly at the point C, where the 
weight of the upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at G, motion may be given 
to any kind of machinery required. 

Where the quantity of water is small, but its height consid- 
erable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful en- 
gines ever invented. 



CHAIN-PUMP. 



FIG. 1S3. 



501. The principle of this machine is 
ancient, but instead of flat boards, as 
in Fig, 123, pots, or deep buckets, were 
employed. Such engines are numerous 
along the banks of the Nile, and in Nubia 
and Hindostan, at the present day. 

The construction, as well as the action 
of the chain-pump, will be understood 
by the figure. It consists of a 'number 
of square pieces of board, or of thin 
iron, connected together through their 
centers by iron rods, so that tibey can 
have no lateral motion. These rods are 
listened to each other by hooks and 
eyes, thus forming a chain with long 
links. The ascending side of this chain 
passes through a square box, to which 
these pieces or buckets are closely fitted, 
but not so as to <^ate much friction. 
The lower wheel, as well as the lower 
end of the box, must be placed below 
the surface of the water to be raised. 




OuKlmrFwmp. 



The action of this machine is described in few words. To the 



501. What is said of the juitiqaity aod om of th« chain-pomp 1 Dewribe tha oonttrao- 
turn aod aotioa of this machine. 

12 
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upper wheel is attached a crank ; or if large quantities of water 
are to be raised, as on board of ships, mill work is added, to 
multiply the motion of the wheel, in order to give the buckets, 
a more rapid ascent through the box. As the end of the box 
is constantly under the water, every board necessarily carries up 
a portion in its ascent, and although a single bucket would ele- 
vate but a small quantity up to the end of the box, yet as they 
follow each other in rapid succession, a constant stream is pro- 
duced, and thus, when the trunk is a foot in diameter, and the 
power is sufficient, it will be obvious that a large quantity of 
water may, in a short time, be elevated by this means. 

502. Although this machine is called a pump, it will be ob- 
served that the atmosphere* is not concerned in its action. 



FIG^ 134. 
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603. Water-wheels generally consist of a drum, or hollow 
cylinder, revolving on an axis, while the diameter or exterior 
surface is covered with flat-hoards, vanes, or cavities called 
buckets, upon which the water acts ; first, to give motion to the 
wheel, and then to machinery. Such wheels are of three kinds, 
namely : the overshot, undershot, and ^rea^^wheels. 

504. Overshot' Wheel, — This wheel of all others, ^ves the 
greatest power with the least quantity of water, and is, there- 
fore, generally used when circumstances will permit, or where 
there is a considerable fall, with a limited quantity of water. 

605. The overshot- 
wheel, Fig, 1 24, requires 
a fall equal at least to 
ite own diameter, and it 
is customary to give it 
a greater length than 
other wheels, that the 
cells or buckets may 
contain a large quantit]^ 
of water, for it is chiefly 
by the weight, and not 
the momentum of the 
fluid that this wheel is 
turned. 

606. In its construc- 
tion, the drum, or cir- overshot- vrhed. 

503. Does the chain-pump act by the pressure of the atmosphere or not 1 503. Of 
what do all water-wheels consist? How many kinds of water-wheels are there, and 
what are their names ? What is the chief advantage of the overshot-wheel? 500. b 
this w^heel turned by the weight or momentum of the wuter 1 




WATER-WHEELS. 



135 



FIG. 125. 



cumference is made water-tight, and to this are fixed narrow 
troughs or buckets, formed of iron, or boards running the 
whole length of the drum. The water is conducted by a trough 
nearly level, and sometimes in width equal to the length of the 
wheel. It falls into the buckets on the top of the wheel, and 
hence the name overshot 

507. The buckets are so constructed as to retain the water 
until the wheel has made about one third of a revolution from 
the place of admission, when it escapes as from an inverted ves- 
sel, and the wheel ascends with empty buckets, while on the 
opposite side they are filled with water, and thus the revolution 
is perpetuated. This whole machine and its action are so plain 
and obvious as to require no particular reference. 

608. From the experiments of Mr. Smeaton, it appears, that 
the fall and quantity of water, and the diameter of the wheel 
being the same, the overshot, will produce about double the 
eflfect of the undershot- wheel. 

509. Undershot- Wheel. — This is so called because the wa- 
ter passes under instead of 
over the circumference, as 
in that above described. 
Hence it is moved by the 
momentum, not the weight 
of the water. 

510. Its construction, as 
shown by Fig. 125, is dif- 
ferent from the overshot, 
since instead of tight buck- 
ets to retain the water, it 
has fiat-hoards^ standing 
like rays around the cir- 
cumference. 

511. Thus constructed, 

this wheel moves equally well whether the water acts on one 
or the other side of the boards, and hence is employed for tide- 
wheels, which turn in one direction when the tide is going out, 
and in the other when it is coming in. 

This wheel requires a rapid flow, and a large quantity of 
water, to give it an eflBcient motion. 

512. Breast- Wheel, — ^This wheel, in its construction, or 

^ ■ -III -■■-.-.■■I.. .-MM— -»!■ ^^^.^^1 ■■■M^l.^.ll. ■■ ^^^^1^.^^i^ -■ 

S06. Describe its constraction. 507. What it said of the construction of the buckets ? 
508. Circumstances being equal, how much greater power has the overshot than the un- 
dershot-wheel 1 509. Where does the water pass in the undershot-wheel 1 What 
kind of force moves this wheel 1 510. How does its construction differ from the over 
shot wheel 1 What is a tide-wheel % 
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FIG. 196. 
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rather in the application of 
the moving power, is be- 
tween the two wheels al- 
ready described. In this 
the water, instead of pass- 
ing over, or entirely under 
the wheel, is delivered in 
the direction of its center. 
Fig, 126. This is one of 
the most common wheels, 
and is employed where 
there is not a sufficient fall 
for the construction of the 
overshot kind. 

513. The breast- wheel 
is moved partly by the weight, and partly by the momentum of 
the water. But notwithstanding this double force, this wheel is 
greatly inferior to the overshot, in effect, not only because the lever 
power is diminished by the smaller diameter, but also on ac- 
count of the great waste of water which always attends the 
best constructed wheels pf this kind. 

614. General Remarks. — ^In order to allow any of the above 
wheels to act with freedom, and to their fullest power, it is ab- 
solutely necessary that the water which is discharged, at the 
bottom of the wheel should have a wide and uninterrupted 
passage to run away, for whenever this is not the case it accu- 
mulates and forms a resistance to the action of the buckets or 
flat-boards, and thus substracts just so much from the velocity 
and power of the machine. 

615. Hydraulic or Water-Ram. — This beautiful engine 
wad invented by Mont^olfier, a Frenchman^ (and the same who 
first ascended in a balloon,) in about 1796. 

The form and construction of this usefhl machine, which is 
very sfmple in all its parts, will be understood by Fig. 127. 
Suppose the pipe A, comes from a spring, elevated a few feet 
above the horizontal line B, and that it conveys a constant 
stream of water. At the termination of this pipe, there is a 
valve, called a spindle valve, capable of closing its orifice when 
drawn upward ; on the spindle t, are several small weights, by 
which the valve is made to drop down and remain open when 



-512. How iDM the breast-wheel differ fix>m the oTertbot and andanhot-wheoils 1 Where 
does the water strike this wheel 1 513. By what power is the breait-wheet moved 1 
Why is this wheel inferior to the overshot ? 514. what oautiona are neeessary in ordar 
to permit any of the wheels described to produce their full effects 1 515. Who ini 
gw hydfaulie or water-ram 1 Explain its oonstroction by Fig. 1S7. 
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FIG. 197. 
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Hfdravlie or Water-Ram. 

the water is still ; the weight of the whole being so nicely ad- 
justed, that the movement of the running water will elevate it 
to its place, and thus stop the discharge. The weight of this 
valve, a nice point in the construction of the machine, must be 
just sufficient to make it rise by the force of the stream, and 
sink again when the water ceases to flow, thus rising and &lling, 
and in effect causing the fluid to stop for an instant, and then 
renew its motion. 

516. Now water in motion acquires a momentum in pro- 
portion to the length of the column, and the height of the 
source, and when m action exerts a force equal to that of a 
solid body of the same length and gravity, pressing downward 
from the same elevation. The inelasticily of the fluid gives it 
the property of acquiring motion through the whole length of 
a tube elevated at one extremity, whenever only a small por- 
tion is allowed to ^^pe by its own pressure. Hence, when 
the valve opens, by dropping down, all the water in the pipe, 
however long it may be, instantly moves forward to supply the 
place of that whidh has thus escaped ; and, if the pipe is long 
and the fountain high^.ordinary metallic conductors are burst 
asunder by the shock whenever the stream is interrupted. It 
is on these principles of the force of water that the Hydraulic 
Ram is founded ; for, when the stream is stopped by the rising 
of the valve, as already explained, an outlet is provided by an- 
other valve, t*, opening upward into an air vessel, having a 
discharging pipe, a?, and consequently when the spindle valve, 
t, k closed, this valve instantly opens, and the water is thrown 

516. On what doe* the momentum of water in a tube depend 1 Whet it Mid of th* 
motioa of the water in the tube 1 

12* 
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with great force into the air-vessel, and, through the discharg- 
ing-pipe, to the place where it is wanted. The stream being 
thus interrupted, and the water becoming still under the lower 
valve, this instantly opens by falling down, thus allowing the 
fluid to discharge itself at r, when t£e motion again raises the 
valve, and it is stopped, the valve u being raised for its escape, 
as before ; and thus this curious machine, if well constructed, 
will act with no other power or help, but a little stream of 
water, for weeks or months. 

617. This engine affords the most eflScient, cheap, and con- 
venient means of raising water, for ornamental or farming pur- 
poses, ever invented. A spring on a hill near the house, or a 
running brook, with an elevation of a few feet, is all the power 
required to supply an abundance of water for any private or 
even public establishment. Mr. Millington, who erected many 
of these machines in England, states that a very insignificant 

Eressing column is capable of raising by the water-ram, a very 
igh ascending one, so that a sufficient fall may be obtained in 
almost any running brook, by erecting a dam at its upper end 
to produce a reservoir, and then carry the pipe down the natural 
channel until a sufficient fall is obtained. In this way, a ram 
was made to raise one hundred hogsheads of "water to the 
height of 134 feet in 24 hours, with a fall of 4-J- feet. 

518. Deaf and Dunib Asylum, — The Deaf and Dumb Asy- 
lum, of Hartford, Ct., is supplied with water by means of Hy- 
draulic Rams, of which there are three, in case of accidents, 
though only two are kept in motion. The water is brought 
from the Little River, at the distance of half a mile, and is 
raised to the fourth story of the edifice, a height of 140 feet. 
The quantity delivered by two rams is about 35 hogsheads per 
day. The cost of the apparatus, including the stone p*-^ucture 
for the raoiB and inclined tubes, was 'nearly $1,200. 



•i 

CHAPTER VII. 

PNEUMATICS. 

619. The term Pneumatics is derived from the Cheek, 
pneumaj which signifies breath or air. It is that science which 

517. What is wM «f the economy and convenience of the water-ram 1 To what 
heifhU will it throw water in {Nropoition to the faU Y 510. What it meant by poeumatiGtl 
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investigates the mechanical properties of air and other elastic 
fluids. 

Under the article Hydrostatics^ (411,) it was stated tliat 
flaids were of two kinds, namely, elastic^ and non-elastic^ and 
that air and the gases belonged to the first kind, while wat^r 
and other liquids belonged to the second. 

520. The atmosphere which surrounds the earth, and in 
which we live, and a portion of which we take into our lungs 
at every breath, is called air, while the artificial products which 
possess the same mechanical properties are called gases. 

When, therefore, the word air is used in what follows, it will 
be understood to mean the atmosphere which we breathe. 

521. Air in all Porous Substances. — Every hollow, crevice 
or pore, in solid bodies, not filled with a liquid, or some other 
substance; appears to be filled with air; thus, a tube of any 
length, the bore of which is as small as it can be made, if kept 
open, will be filled with air ; and, hence, when it is said that a 
vessel is filled with air, it is only meant that the vessel is 
in its ordinary state. Indeed, this fluid finds its way into the 
most minute pores of all substances, and cannot be expelled and 
kept out of any vessel, without the assistance of the air-pump, 
or some other mechanical means. 

622. Elasticity of Air, — By the elasticity of air is meant its 
spring, or the force with which it reacts when compressed in a 
close vessel. It is chiefly in respect to its elasticity and light- 
ness, that the mechanical properties of air difler irom those of 
water and other liquids. 

523. Elastic fluids difler from each other in respect to the 
permanency of the elastic property. Thus, steam is elastic only 
while its heat is continued, and, on cooling, returns again to the 
form of water. 

524. Some of the gases, also, on being strongly compressed, 
lose their elasticity and take the form of liquids. But, air 
differs from these in being permanently elastic ; that is, if it be 
compressed with ever so much force, and retained under compres- 
sion for any length of time, it does not therefore lose its elasticity 
or disposition to regain its former bulk ; but, always reacts with 
a force in proportion to the power by which it is compressed. 

525. Compression by Experiment, — Thus, if the strong tube 
or barrel. Fig, 128, be smooth and equal on the inside, and there 
be fitted to it the solid piston or plug A, so as to work up and 

590. What is airl What is gas 7 521. What is meant when it it said that a vessel is 
fiUed with airl Is there any difficulty in expelling the air from vessels 1 532. What is 
meant by the elasticity of airl 523. How ooes air differ from steam and some of the 
gases, in respect to its ela**ioity 1 524. Does air lose its elastic force by being compressed 1 
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down air-tight by the handle B, the air in the 
barrel may be compressed into a space a hundred 
times less than its usual bulk ; it being a general 
priDciple in Pneumatics that air is compressible 
m proportion to the force employed. 

626. Expatmon of the Air. — On the contrary, 
when the usual pressure of the atmosphere is 
removed from a portion of air, it expands and 
occupies a space larger than before ; and, it is 
found by experiment that this expansion is in a 
ratio as the removal of the pressure is more or 
less complete. Air also expands or increases in 
bulk when heated. 

527. Kthe stop-cock C, Fig, 128, be opened, 
the piston A, may be pushed down with ease, 
because the air contained in the barrel will be 
forced out at the aperture. Suppose the piston 
to be pushed down to within an inch of the bottom, and 
then the stop-cock closed, so that no air can enter below it. 
Now, on drawing the piston up 'to the top of the barrel, the 
inch of air will expand and fill the whole space, and, were this 
space a thousand times as large, it would still be filled with the 
expanded air, because the piston removes the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion of 
air occupies depends entirely on circumstances. If it is under 
pressure, its bulk will be diminished in exact proportion ; and 
as the pressure is removed, it will expand in proportion so as to 
occupy a thousand or even a million times as much space as before. 

628. Weight of Air, — Another property which air possesses 
is weight or gravity. This property, it is obvious, must be 
slight, when compared with the weight of other bodies. But, 
that air has a certain degree of gravity, in common with other 
ponderous substances, is proved by direct experiment. Thus, if 
the air be pumped out of a close vessel, and then the vessel be 
exactly weighed, it will be found to weigh more when the air 
is again admitted^ 

629. Pressure of tJie Atmosphere,-~Lt is, however, the weight 
of the atmosphere which presses on every part pf the earth's 
surface, and in which we live and move as in an ocean, that 
here particularly claims our attention. 

525. Explain by Pig. 128 how nir may be coinpreteetd. 526. In what pfoportt6n iRritt a 
quantity of air increase in bulk as the pressure is removed from it 1 oB7. How is this 
iunstrated by Fig. 15281 538. On what circumstances, therefore, wiU the trolk of a giTta 
poxtion of air depend 1 529. How is it proved that air has weight 1 
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The pressure of the atmosphere may be easily 
shown by the tube and piston, Fig. 129. pig. 129. 

Suppose there is an orifice to be opened or 
closed by the valve 6, as the piston A is moved 
up or down in its barrel. The valve being fast- 
ened by a hinge on the upper side, on pushing the 
piston down, it will open by the pressure of the 
air against it, and the air will make its escape. ' 
But, when the piston is at the bottom of the 
barrel, on attempting to raise it again toward the 
top, the valve is closed by the force of the external 
air acting upon it. 

530. If the piston be only three inches in 
diameter, it will require the fall strength of a man 
to draw it to the top of the barrel ; and, when 

raised, if suddenly let go, it will be forced back again by the 
weight of the air, and will strike the bottom with great violence. 

531. Supposing the surface of a man to be equal to 14-)- 
square feet, and allowing the pressure on each square inch to 
be 15 lbs., such a man would sustain a pressure on his whole 
surface equal to nearly 14 tons. 

Now, tnat it is the weight of the atmosphere which presses 
the piston down is proved by the fact that if its diameter be 
^enlarged, a greater force, in exact proportion, will be required 
to raise it. And, further, if when the piston is drawn to the top 
of the tube, a stop-cock, as at Fig, 128, be opened, and the air 
admitted under it, the piston will not be forced down in the 
least, because then the air will press as much on the under as 
on the upper side of the piston. 

532. By accurate experiments, an account of which it is not 
necessary here to detail, it is found that the weight of the at- 
mosphere on every square inch of the surface of the earth is 
equal to fifteen pounds. If, then, a piston, working air-tight in 
a barrel, be drawn up from its bottom, the force employed, 
besides the fijction, will be just equal to that required to Hft the 
same piston, under ordinary circumstances, with a weight laid 
on it equal to fifteen pounds for every square inch of surface. 

533. The number of square inches in the surface of a piston 
of a foot in diameter is 113. This being multiplied by the 

9S9. Explain in what manner the pressure of the atmosphere is shown by Fif . 190. 
530. How is it proved that it is the weight of the atmosphere, instead of suction, whieh 
makes the piston rise with difficulty 1 531. What is the pressure of the atmosphere on 
the surface of a roan ? ^2. What is the pressure of the atmosphere on every square inch 
of surface on the earth 1 533. What is tne number of square inches in a oirde of one 
ibot in diameter? What is the weight of the atmosphere on the surfaoe of a foot is 
di^lBfiter 1 
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weight ot tbe tUT on each inch, nhich, being Id pounds, is equal 
to 1,695 pounds. Thus, the air constanUy presses on every 
surface, which is equal to the dinien^ons of a circle one foot io 
diameter, with a weight of 1,696 pounds. 



G34. No doubt suction by the mouth first led to the produc- 
tion of a vacuum by artificial means ; for, it must have been 
observed, long before the air-pump was thought of, that, if 
a tube, open at both ends, have one of them dipped in water 
and the other placed in the mouth, that, on drawing out the 
air, the water would follow. 



Tin npirfmtu tf Otu Oiieritke. 

536. But, the first attempt to form a vacuum by BcieutiGe 
means was made by the famous Otto fiuericke, burgomaster of 
Magdeburgh, in about 1654. This was done by means of a sort 
of air-pump, consisting of a tube of metal, furnished with a stop- 
cock near its lower end, and a piston with a valve opening in- 
wards, worked by means of an iron rod. 

Having a strong cask, filled with water and firmly set on legs, 
a foot or two from the ground, this pump was screwed to ita 
lower end, and the piston worked until two strong men could 
no longer move it But, at this period of the experiment, a 
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difficulty happened which the philosopher had not thought of. 
A noise was heard in every part of the cask like that of bub- 
bling or boiling water. This* was soon found to proceed from 
the rush of air through all the crevices and pores of the wood, 
of which the cask was made ; and, in a few hours, the vessel 
was filled with air above the water which remained. But, 
Guericke was not discouraged by this, and immediately set to 
work to procure a copper globe, through which he rightly 
judged the air would not permeate. 

To this the pump was fixed, and, the vessel being filled with 
water, the experiment of drawing it off again commenced, as 
shown by Fig, 130. 
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i>36. The air-pump is an engine by which the air can he 
pumped out of a vessel^ or vjithdrawn from it. The vessel so 
exhausted^ is called a receiver^ and the space thus left in the 
vessel^ after withdrawing the air, is called a vacuum. 

The principles, on which the air-pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the form of the instrument itself is often consider- 
ably modified. 

637. The general principles, of its 
construction will be comprehended 
by an explanation of Fig. 131. In 
this figure, let B be a glass vessel, or 
receiver, closed at the top and open 
at the bottom, standing on a perfectly 
smooth surface, which is called the 
plate of the air-pump. Through the 
plate is an aperture, which communi- 
cates with the inside of the receiver 
and the barrel of the pump. The 
piston-rod works air-tight through 
the barrel. At the extremity of the 
barrel there is a valve, V, which opens upward, and is closed as 
the piston descends. 

538. Now, suppose the piston to be drawn up, it will then 
leave a free communication between the receiver R, through the 
orifice to the pump-barrel in which the piston works. Then, if 
the piston be forced down, it will compress the air in the barrel 

536. What it an air-pump? 537. Give the names of the different parti of the air-pump 
by Fi|;. 130. 538. Show the manner in which the air-pump works to produce a vacuum 
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Detween V and V, and, in consequence, the valve E will be 
opened and Y closed, and the air so condensed will be forced 
out. On drawing the piston up again, the valve E will be 
closed and Y opened, and the external air not being permitted 
to enter, a partial vacuum will be formed in the barrel from Y 
to Y^. When the piston rises again, the air contained in the 
glass vessel, together with that in the passage between the ves- 
sel and the pump-barrel, will rush in to fill the vacuum. Thus, 
there will be less air in the whole space, and consequently in the 
receiver, than at first, because all that was contained in the bar- 
rel is forced out at every stroke of the piston. On repeating the 
same process, that is, drawing up and forcing down tbe piston, 
the air at each time in the receiver will become less and less in 
quantity, and, in consequence, more and more rarefied. For, it 
must be understood, that, although the air is exhausted at every 
stroke of the pump, that which remains, by its elasticity, ex- 
pands, and still occupies the whole space. 

639. Now, it will be obvious that, as the exhausting power of 
the air-pump depends on the expansion of the air within it, a 
peffect vacuum can never be formed by its means ; for, so long 
as exhaustion takes place, there must be air to be forced out, 
and when thh becomes so rare as not to force open the valves, 
then the process must end. 

D0I7BLS-ACTING AIR-PUMP. 

640. The double air-pump has two similar barrels to that 
above described, and therefore the process of exhaustion is per- 
formed in half the time. 

This is represented by Fig. 132, where P P are the cylinders 
of brass, in which the pistons work, and of which Y Y are the 
valves. The piston rods, E E, are toothed to correspond with 
the teeth of the wheel W, which is worked by the crank D. 
The exhausting tube T, also of brass, opens, by the valves Y Y, 
into the cylinders. This has a stop-cock, C, to prevent the ingress 
of air after the vacuum is made, in case the pistons leak. The 
receiver, R, is of glass, ground to fit air-tight to the plate of 
brass on which it stands. The exhausting tube opens at O, 
into the interior of the receiver. The barometer tube H, at its 
upper end opens into this tube, while, at the lower end, M, it is 
inserted into a cup of mercury. 

641. The barometer tube is designed to show the degree of 

539. Will the air-pump form a perfect yaouuml Why noti 540. Name the Mverel 
parts of the double-acting air-pump by Fig. 131, and show how it worka. 541. What ii 
the oae of the barometer tube as applied to the air-pump 1 



exhaustion, in the receiver, with which it communicates, ai 
shown in the figure. As the exhauslJon proceeds, the external 
(ur, pressing on the mercury in the cup, elevates that in the tube, 
in proportion to the rarity of the air in the receiver. 

Aetiim, — The manner in which the double pump acts, is ex- 
actly similar to the single one, only that it has two barrels, or 
cjhnders, instead of one. It is, therefore, unnecessary to repeat 
the explanation given under the last figure. 

542. £!ftermil View of the Air-Pump. — Having explained 
the principles and action of the air-pump by figures showing its 
interior construction, we here present the student with an external 
view, Fig. 133, of the whole machine. 

543. It ia a small single-barrel pump, those with more bar- 
rels being of course more comples in structure, and less easily 
understood. The barrel. A, is seven inches high and two in di- 
ameter ; the plate, E, is eight inches in diameter ; the puton- 
rod, B, works air-tight by means of the packing-screw, J, which 
is fitted to the barrel-ease, I. The piston is kept perpendicular 
by the guide, E, through which it works ; \iie fulcrum-pr(q>, H, 
is eighteen inches high, and the parallel rodi, D, connect the 
piston rod and cross-head, C, with the lever. 

The dome-cap, J, contains a valve opening upward, for the 
escape of the air when the piston rises. This is the only valve 
in this pump, except that in the piston, which, as already shown, 

us. Eipliln iH paiU of tha tit-jamf by Pi|. 133. 
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opens to admit the expanded lur from the receiver, and force it 
out at the upper valve. To the dome-cap, above the valve, is 
fitted a curved tube, leading to the cist«ni, F ; its uSe is to re- 
ceive the waste oil which may escape from that used h) lubricate 
the piston. The globular bell-glass, or receiver, L, is fitted by 
grindiDg to the brass plate on which it stands ; the barometer 
guage, G, contains mercury, and communicates with the tube 
leading from the barrel to the receiver; this Hhows, by its scale, 
what proportion of ur is exhausted from the receiver ; withio 
the receiver, there is seen a protuberance, showing the end of 
the exhausting tube, and into which may be screwed receivers 
or tubes for various experiments. 

644. Experiments. — I. If a withered apple be placed under 
the receiver, and the air is exhausted, the apple will swell and be- 
come plump, in conseauence of the expansion of the air which 
it 'contains within the skn. 

n. Ec3ier, placed iu the same situation, soon begins to boil 

M4. Vnr taut u tppk ptuad in (ha nhiouad rHtim tn« ploi^ 1 
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without the influenoe of heat, because its particles, not havmg 
the pressure of the atmosphere to force them together, fly off 
with so much rapidity as to produce ebullition. 

ni. If a bladder, partly filled with air, and the neck well se- 
cured, has the external air exhausted, that within will so expand 
as to burst the membrane. 

IV. If a flask, partly filled with water,be placed, with its neck 
in a jar of the same fluid, under the receiver, the rarefied air 
within the flask will drive the water out ; but, it will rush in 
again when the air is again let into the receiver. 

y. If a burning taper be placed under it, the flame soon 
ceases for want of oxygen to support it. For the same rea- 
son, no light is seen from the collision of flint and steel in a 
vacuum. 

VL If a bell be struck under the receiver, the sound will 
grow faint as the air is exhausted, until it is no longer 
audible. See Acoustics. 

CENTRIFUGAL POMP. 

545. The visitors at the London Exhibition, in 1 85 1, were 
astonished at the power of the Centrifugal Pumps there in ac- 
tion, and recently invented by Mr. Appold. 

The principle of this wonderful engine is represented by ^iff, 
134, where, suppose A A to be the well, and B B the pipe, 
turning on a point, and through which the water is drawn. This 
pipe is kept in motion by a steam engine, working a band which 
passes round the pulley, G. The arms or pipes, D D, open into 
the vertical pipe, B, the ends, E E, being also open. The pipe, 
B, has a valve, at C, which opens upwards. There is a trough 
into which the water is delivered from the arms, and which is 
supported by the frame, H H. From this the water escapes by 
the pipe, F. And, now for the action of this machine. The 
pipe, B, is first filled with water, which the closing of the valve, 
G, prevents from escaping. The machine is then set in rapid 
motion by the band around G, and the water in the arms is 
thrown out, on the same principle that the whirling of a wet 
mop throws the fluid from it. 

The force with which the centrifugal action of the arms de- 
livers the water is such as constantly to draw a supply from the 
fountain below, through the open valve C, which is closed by 

544. Wby does ether boil in the same situation 1 Why does flame cease in a vaounin 1 
Why ia a b«tl inaadible in a vaeuam 1 545. Explain the action of the centrifiigal purop 
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the pressure of the water when the motion ceases, thus prevent- 
ing the trouble of filling it ajrairi. 

Sixe and Power of Appold's Centrifugal Pump. — The ver- 
tdcal tube, through which the water is drawn, aa well as the 
arms through which it is thrown, are of various sizes, from a 
few inches to a foot or more in diameter. The amount of dis- 
charge, of course, depends on the velocity of the centrifiigal 
motJoD, the sizes of the pipes, and the height to which the fluid 
is thrown. Mr. A. states that the greatest height to which it 
has raised water, with a one-foot pump, is 67 feet 8 inches, with 
1,322 reroluUons in a minute. Some of these pumps deliver 
1,800 gallons of water a minute, though not to the height above 
mentioned. 

Triumph of Science. — Probably not a case erists where the 
adaptation of science to the arts has met with snoh complete 
success as in this. The whole machine is based on the strictest 
principles of mechanical science, and yet, its construction is so 
simple, that few can view it without an exclamatjon of aarprise, 
that its invention has been lett to our own tjmes, and not known 
long ago. 

546. MagdehurgkHemispkem. — One of the most striking illus- 
trations of atmospheric pressure is made by means of the before 

VA. DheHIw tbg'Migdabur|h btmiiphnai. 
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named instrament, ^i^. 135. Itcon»Bts 
of two hemispheres of brass, A and B, 
fitted to each other by grinding, so that 
when put togetherthey perfectty exclude 
the air. When put together witnoutpra- 

Earation or in the usual manner, Uiey 
old no stronger than the parts of a 
finuff-box ; but when the air is exhaus- 
ted from within, it will take two strong 
men, if the diameter of the hemispheres 
are six inches, to pull them apart. The 
air is exhausted by unscrewing the lower 
handle and connecting that part with 
the exhausting tube' of the air-pump, 
and then by turning the key its return 
is prevented. 

547. The amount of force required 
to separate them, will of course depend 
on their diameter, and may be calculated 
by estimating the pressure to be equal ■** 
to fifteen pounds for every square inch 
of sur&ce, this, as we have seen, (532,) 
being the pressure of the atmospnere. 

648. The same principle is involved 
when a piece of wet leather, with a string 
in the center, is pressed on a smooth 
stone, and then pulled by the string. 

549. Expansion Fount AIM. — Avery 
pretty experiment is made, with the 
!ur-pump, by means of the apparatus, 
Mff. 136. 

It consists of two glass globes, the 
upper one. A, being open at the top, 
and furnished with a stop-cock and jet 
tube, reaching nearly to the bottom of 
the lower globe. 

The lower one, being nearly filled 
with some colored liquid, the upper 
one, with the jet, is screwed to it, as 
Been in the figure. 

Thus prepared, they are placed under 
pump, and as the air is exhausted, that t 
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globe eitHUidB, and forcee Uiq liquid tbroneb the tabe into the 
upper grobe. On admitting the air into toe rei^iver, the fluid 
ag»n returns into the lower one, and tliis may be repeated any 
number of times, affording s very interesting experiment. 



550. Tht operation of ikf cfmdenstr is the reverse of that of 
the air-pump, and is a miwA more simple machine. The air- 
pump, as wo have just seen, will deprive a vessel of its ordinary 
quantity of air. The condenser, on the contrary, will double, 
or treble the ordinary quantity of air in a close vessel, according 
to the force employed, 

551. The Condenser. — This instrument, Mff. 137, couusts 
of a cylinder, contain- 
ing a piston, and rod, ''*'■ '*'■ 

with a vaive A, open- 
ing downwards. I^Vom 
tie bottom of the cyhn- 
der a tube leads to the 
receiver, iu which the 
valve B. opens upwards, 
and from the top of the 
receiver there is a bar- 
ometer tube and scale, 
C, in order to show the 
pressure of the air in 
that vessel. 

Action. — On pushing 
down the pblon, the 

valve A, closes, driving on&»Mr. 

the air below it into the 

receiver through the valve B. When the piston is drawn up, 
the valve A, opens, while B closes, thus retaining the condensed 
air in the receiver. The height of the mercury in the barome- 
ter will show how many times the air in the receiver has been 
doubled, or how many atmospheres it contains. When any 
nse is to be made of the condensed air, aa the charging of an 
tur-gun, there is a stopcock fixed at the side of the receiver for 
this purpose. 

552. AiR-GuN. — The m^^azineg of Mr-guna formerly con- 
sisted of a copper ball, which after being chafed with condensed 
fur, was screwed to tbe barrel, presenting an unseemly and in- 
convenient appendage. That here described, is a more recent 
and greatly improved invention. 
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Id this, the breach of the gun is made of ^w- >*■ 

copper, and without much iocreasing the size, 
answers for the magaziDQ, while m& barrel 
serves as the tube of the condenser. 

553. At A, Fig. 138, the barrel is screwed 
on t« the breach, in which the air is condensed, 
bv means of the piston, rod, and handle, as 
shown bj the figure. 

The piston is then withdrawn, the condensed 
air being prevented from escape by the valve, 
opening outward, as shown by the figure. 

The ball being introduced, is fired by pull- 
ing back the trigger, which opens the valve, 
and allows a portion of the air to escape. 

654, The velocity and force of the ball will 
depend on the amount of condensation in the 
magazine, and the smaller the tube and piston 
by which this is made, the greater of course 
will be the density of the conHiied air, and the 
more powerful the force by which the ball is 
impelled. Where the piston is no more than 
half or three quarters of an inch in diameter, 
it is said the ball will have a force not much 
short of that of a musket-shot. 

555. Bottle Imp. — A curious philosophical 
toy, called the Bottle Imp, shows in a very 
striking manner the effects of condensing a 
small portion of air. Atr-OiM. 

Procure a glass jar, with a neck, as represented by Ftff. 139, 
also a piece of India rubber, and a string to secure it over the 
mouth of the jar, so that it shall he perfectly fur-tighL Nest, 
take a piece of glass tube, about three-eighths of an inch in 
diameter, and with a file cut off pieces an inch long, and into 
one end of each put a cork stopper of such size as to make 
most of the cork swim on the surface when the tube is placed 
in the water. The tubes must now be partly filled with water, so 
that they will just balance themselves in the fluid without unking, 
the air remaining in their upper halves. 

Having prepared the tubes with their corks in this manner, 
and placed them in the jar nearly filled with wafer, tie on the 
rubber cap with a good long string so that no air can escape, 
and this !'.tle apparatus is finished. 

~SH. Witbwhit fniM wUI ih> lir-iunUnowihilLI iSi. GigiliiB llwnUMi af 
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FIG. 139. 



Now press upon the rtibber with the hand, and 
the floating tubes will immediately begin to de- 
scend, and will strike the bottom of the jar, one 
after the other, with an audible stroke, and will 
rise again when the pressure ceases. 

Many a philosophical head, on seeing this ex- 
periment for the first time, has been puzzled to 
assign any cause why these little objects should fall 
and rise in this manner, the hand not going near 
them, there being several inches of air between the 
cap and the water. 

556. The explanation will be obvious on setting 
the jar between the light and the eye, and watch- 
ing a tube when the pressure is made, for the wa- 
ter will be seen to rise in it at the moment it begins 
to fall, and sink again as it rises. The pressure of 
the hand is transmitted through the elastic rubber 
and air, to the water, and so to the air in the tube, 
which being thus condensed, takes in more water, than its buoy- 
ancy can sustain, and it sinks — arising again when the air is 
allowed to expand, and drive out the water. 



Bottle Imp. 
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657. The first balloon was made by two brothers named 
Montgolfier, natives of a small village in France. It was made 
of linen cloth, and sent up by means of a fire of straw kindled 
under it, as the air thus rarefied carried it up rapidly to the 
height of about a mile. No one ascended .with it, and it fell 
to the ground at the distance of a mile and a half from the 
place 01 ascent. 

568. When the news of this experiment reached Paris, it 
created great curiosity and excitement, and the savans immedi- 
ately began to take measures to have the experiment repeated 
there. But instead of heated air this balloon was filled with 
hydrogen gas. It ascended with great rapidity in sight of 
almost the entire population of Paris, to the height of 3,000 
feet, and fell at the distance of 15 miles from the city. The 
experiment was completely successful, but no one as yet, had 
the temerity to hazard a personal adventure of so doubtful a 
nature. 

559. In a few months, however, a young man of Parts, 

556. Explain the reason why the floats in the water-imp are influenced by the pranovt 
SS7. Who first made a balloon? With what was it filled ? 



named Bosier, ascended ia a hot-air balloon, and the nest year 
the celebrated Charles, ascended in a hydrogen balloon to the 
height of 3,000 . feet, and fell at the distance of 2fi miles from 
Paris in safety. 
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These were the origin of balloon ascensions, which have now 
become so common in most parte of tiie world. 

660. Conatmetion of Balloons. — Most lialloons as now OMi- 
stracted, consiat of globular bags of 
oiled, or varnished silk, over which is 
thrown a netting of cords, ending in 
ropes, to which the parachute and car ^^- '"■ 

in which the aerial voyager sits, are 
attached. Fig. 140. 

Parachtite, — This term from the 
French, means ^^gvard agaimt 
Jailing." It is an imnense umbrella 
with cords attached to the sticks, Fig. 
141, which on being detached from the 
balloon, opens by the resistance of the FanuMnu. 

atmosphere, and thus descends slowly, 
landing the aeronaut in safety on the 
earth. 

This appendage to the balloon was invented to secure safety 
in case of any accident, by which the gas might escape, but 
the Frenchman Gamerin, did not wut for such accident, but cut 
the rope by which the parachute was suspended, by way of 
experiment, thus trustjng his life to its spreading, at the height 
of 3,000 feet. He landed in safety, but no one but a French- 
man, not even a Yankee, would ever have made such an ezperi- 
tpent. 

J)imenswns. — Balloons are made of various sizes, commonly 
from 16 or 20, to 30 feet or more. That made by. the veteran 
aeronaut, Green, was 64 feet in diameter, when filled, holding 
80,000 cubic feet of gas. When ijlled with hydrogen it was 
capable of supporting 40,000 pounds, while with coal ^as, it 
would carry only about 6,000 pounds. (The specific levity of 
these gases are stated in another place.) The weight of the 
silk it contained was 80 pounds. The lai^est number of persons 
who have ascended in this bnlloon at the same time was eighteen. 

Discoveries. — Scientific men had high expectations with 
respect to the discoveries which aerial voyagers would make, 
on scientific subjects, especially electricity, meteorology, com- 
position of the atmosphere, and its heat and cold. But nothing 
of BO great importance in physical science as was expected, has 
been realized from this source. 

sm. Hdw u lb« InllaiHi nnrimoM ) What ii ■ puuhntt, uid Bbat tu dh 1 Wlut 
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561. The barometer is an imtrument joteA, by meant cf i 
column of mercury in a ylati lube, shovia, by its elevation and 
dqn^giion, the different degrees of atmospheric pressure. 

Suppose A, Fiff. 142, to be a long tube, with the piston B, 
BO nicely Gtt«d to its inside, as to work air-tight. If the lower 
end of the tube be dipped into water, and the piston drawn up 
by pulling at the handle C, the water will follow the piston bo 
closely, as to be in contact with its surface, and appareotly to 
be drawn up by the piston, as though the whole was one solid 
body. If the tube be thirty-five feet long, the water will con- 
tinue to follow the piston, until it comes to the height of about 
thirty-three feet where it will stop. 

662. If the piston' be drawn up still further, the water will 
not follow it, but will remain stationary, the space from this 
height, between the piston and the wat«r, being left a void 

563, The rising of the water in the above *■'"■ '**■ 
case, which only involves the principle of the 

conunon pump, is thought by some to be 
caused by luction, the piston sucking up the 
water aa it is drawn upward. But according 
to the common notion attached to this t«rm, 
there is no reason why the wator should not 
continue to rise above the thirty-three feet, 
or why the power of suction should cease at 
that point, rather than at any other. 

564. Without entering into any discussion 
on the absurd notions concerning this power, 
it IB sufficient here to state, that it has long 
since been proved, that the elevation of the 
water, in tie case above described, depends 
entirely on the weight and pressure of the 
atmosphere on that portion of the fluid 
which is on the outside of the tube. Hence, 
when the piston is drawn up under circum- 
etonces where the air can not act on the 
water around the tube, or pump-barrel, no 
elevation of the fluid will follow. 
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365. If an atmospheric pump, or even the suction-hose of a 
fire engine, be inserted into the side of a tight cask filled with 
fluid, all the force of what is called suction may be exerted by the 
pump or engine in vain ; for the liquid will not rise until an 
aperture, admitting the atmosphere, is made in some part of 
the cask. It may be objected that wells, though covered 
several feet deep with earth, still admit water to be drawn 
fi-om them by pumps, with all the facility of those which are 
open. But it nfust be remembered that the ground is porous, 
admitting the atmosphere to an unknown depth from the 
surface, and hence wells can not be covered by any common 
means so as to exclude sufficient atmospheric pressure for the 
purpose in question. 

566. Conclusion. It follows as a certain conclusion from 
what is above stated (563) as well as from the experiment 
made with I^ig. 142, and all other experiments made by phi- 
losophers on Uiis subject, that when a tube has its lower end 
placed in the water and the air from within removed by drawing 
up the piston, that it is the pressure of the atmosphere on the 
water around the tube which forces the fluid up to fill the 
space thus left by the removal of the air. 

567. Pressure of the atmosphere equal to SS feet of water. 
— It follows that the weight, or pressure of "ihe atmosphere, is 
equal to the weight of a perpendicular column of water 33 feet 
high, for it is found {Fig, 142) that the pressure of the atmos- 
phere will not raise the water more than 33 feet, though a 
perfect vacuum be formed to any height above this point. 

Experiments on other fluids, prove that this is the weight of 
the atmosphere, for if the end of the tube be dipped in any 
fluid, and the air be removed from the tube, above the fluid, it 
will rise to a greater or less height than water, in proportion as 
its specific gravity is less, or greater than that fiuid. 

568. Mercury or quicksilver, has a specific gravity of about 
13i times greater Uian that of water, and mercury is found 
to rise about 29 inches in a tube under the same circum- 
stances that water rises 33 feet. Now, 33 feet is 396 inches, 
which being divided by 29, gives nearlj'^ 13-i-, so that mercury 
being 13^ times heavier than water, the water will rise under 
the same pressure 13^ times higher than the mercury. 

505. Will the foction-hoie of a fire-engine raise water from a tight cask 1 566. What 
is said to be the conclusion from the above stated experiments 1 568. How is it proved 
that the pressure of the atmosphere is e<^oal to the weight of a column of water 33 ftat 
high 1 liow do experiments on other fluids show that toe pressure <^ the atmosphere is 
e<)nal to the weight of a column of water 33 feet high 1 568. How high does mercury 
rise in an exhausted tube 1 How does the height ormeroury in the barometer indioato 
that of water 1 
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669. Construction of the Barometer. — The barometer is 
constructed on the ^'rinciple of atmospheric pressure. This 
term is compounded )i two Greek words, baroSy weight, and 
metrony measure, the instrument being designed to measure the 
"weight of the atmosphere. 

Its construction is simple and easily understood, being 
merely a tube of glass, nearly filled with mercury, with its lower 
end placed in a dish of the same fluid, and the upper end fur- 
nished with a scale, to measure the height of the mercury. 

670. Let A, Fiff, 143, be such a tube, thirty-four or thirty- 
five inches long, closed at one end, and open at the other. To 
fill the tube, set it upright, and pour the mercury in at the 
open end, and when it is entirely full, place the forefinger 
forcibly on this end, and then plunge the tube and finger 
under the surface of the mercury, before prepared in the 
cup, B. Then withdraw the finger, taking care that in 

560. What is the principle on which the barometer is cor structed 1 570. Deicribe Hir 
oonstroetion of thm barometer, at represented by Fig. 143. 
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doing this, the end of the tube is not raised above the mercaiy 
in the cup. When the finger, is removed, the mercury will 
descend four or five inches, and after several vibrations, up and 
down, will rest at an elevation of 29 or 30 inches above the 
surface of that in the cup, as at C. 

671. Barometer Scale, — ^This visible portion of the barome- 
ter is shown by JF'ig. 144, of which 6 is the principal scale, 
A the Vernier scale, and C the glass tube contiuning the mer- 
cury. In the principle scale an inch is divided into ten parts, 
but the divisions of tbe Vernier are equal to eleven of those of 
the principal scale, so that the divisions of this are each one 
hundredth of an inch larger than those of the barometer. The 
Vernier slides up and down and placing its upper end exactly 
at the level of the mercury, and comparing its divisions with 
those of the barometer, its height is indicated to within the 
hundredth part of an inch. The barometer is inclosed in a 
mahogany, or brass case for the convenience of carriage.** The 
words Rain, Fair, and Dry, are indicated by the height of 
the mercury. The term Vernier is the name of the* inventor 
of this part of the barometer. 

6*^2. Cup of the Portable Barometer. — ^The cup of the port- 
able barometer differs from that described, (570,) for were the 
mercury inclosed on all sides, in a cup of wood, or brass, the 
air would be prevented from acting upon it, and therefore the 
instrument would be useless. To remedy this defect, and still 
have the mercury perfectly inclosed, the bottom of the cup is 
made of leather, which, being elastic, the pressure of the at- 
mosphere acts upon the mercuiy in the same manner as though 
it was not inclosed at all. 

573. Below the leather bottom, there is a round plate of 
metal, an inch in diameter, which is fixed on the top of a 
screw, so that when the instrument is to be transported, by 
elevating this piece of metal, the mercury is thrown up to the 
top of the tube, and thus kept from plajring backward and for- 
ward, when the barometer is in motion. 

674. Wheel Barometer. — In the common barometer, the 
rise and fall of the mercury is indicated by a scale of inches, 
and tenths of inches, fixed behind the tube ; but it has been 
found that very slight variations in the density of the atmos- 
phere are not readily perceived by this method. It being, 

57L Describe the use of the Vernier. 572. How is the cap of the portable barometer 
made so as to retain tbe mercury, and still allow the air to press upon iti 573. What is 
the use of the metallic plate and screw, under the bottom or the cup 1 574. In the com- 
mon barometer, how is the rise and fall of the mercury indicated 1 Why was the wheel 
'^urometer invented 1 
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however, desirable that these mioute changee should be 
rendered more obvious, a contrivance for increasiog the scale, 
called, the wheel barometer, was inveuted. 

6l5. The whole length of the tube of the 
wheel barometer, Fig. 146, from C to A, is FIG. 1«. 

34 or 35 inches, and it is filled with mer- 
cury, as usual. The mercury rises in the 
short leg to the point o, where there is a 
small piece of glass floating on its surface, to 
which there is attached a silk string, passing 
over the pulley/). To the axis oftbe pulley 
is fixed an index, or hand, and behind thb is 
a graduated circle, as seen in the figure. It 
is obvious, that a very slight variation in the 
height of the mercury at o, will be indicated 
by a considerable motion of the index, and 
thus«changeg in the weight of the atmos- 
phere, hardly perceptible by the common 
barometer, will become quite apparent by 
this. 

576. Heights Metmtred by tht Barometer. 
— The mercury in the barometer tube being 
sustained by the pressure of the atmosphere, 
and its medium ^titude at the surface of the 
earth being 29 to 30 inches, it might be ex- 
pected that if the instrument was carried to a height from the 
earth's surface, the mercury would suffer a proportionate tall, 
because the pressure must be less at a distance from the earth, 
than at its surface, and experiment proves this to be the case. 
When, there&re, this instrument is elevated to any considera- 
ble height, the descent of the mercury becomes perceptible. 
Even when it is carried to the top of a lull, or high lower, there 
is a sensible depression of the fluid, so that the barometer is 
employed to measure the height of mountains and the elevaUon 
to which balloons ascend from the surface of the earth. On 
the top of Uont Blanc, which is about 16,000 feet above the 
level of the sea, the medium elevation of the mercury in the 
tube is only 14 inches, while on the snrface of the earth, as 
above stat^ it is 29 to 30 inches. 

677. JHminutimt of Density. — ^The following table shows at 

5>S. KMpldiD F.'i. 145, ind dmriba the eonitnieliwi of Uw vlml buniiMUr. STO. 
Whal h lUUd IqlHlba nMdinni nniaoT the buTDmrwi at the inTfemi oftbe euthl 

Hdw dm live bUDnMUr indicU* tbt beiglil ot ma'untaini I ST7. Eiplun b; tbe laUl 
tba cmmpDndeiHia bstwien the baiiiM, the fell of tbe imicurj, and Dm lenpantnn. 
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what rate the atmosphere decreases in density, as indicated by 
the barometer. A part of these numbers are from actual ob- 
servations made from ascents in balloons, and a part from esti- 
mates. The medium pressure of the atmosphere, at the level 
of the sea, is estimated at 30 inches, and is expressed by 0. 



Height in Milei. 


Prtirore. 


Tempentare. 




1.... 

<v . . . . 

3 


loches. 

30.00 

....24.61.... 
....20.07.... 
.... 1().35 .... 


Fahr. 

60.0 

35.0 

19.5 

3.4 


4 


13.06 


13.3 


O • • • • 

10.... 
15.... 


....10.41.... 

.... <6.ol .... 

45 .... 


30.6 

.... 125.4 
. . . .240.6 



llaus, according to this estimate, at the height of fifteen 
miles, the mercury falls to less than half an inch, while the cold 
is equal to 240 degrees below the zero of Fahrenheit. 

678. Principles of the Barometer applied to the Water 
Pump, — As the efficacy of the pump depends on the pressure 
of the atmosphere, the barometer will always indicate the height 
to which it can be efiectual at any given place. Thus, on Mont 
Blanc, where the barometer stands at only 14 inches being less 
than one-half its height on the sea level, the water pump would 
only raise the fluid about 15 feet. Hence, engineers and others, 
who visit elevated countries, should calculate by the barometer, 
from what depth they can raise water by aerial pressure, before 
they erect works for this purpose. 

At the city of Mexico and at Quito, for instance, the suction 
tube can only act to the depth of 22 or 20 feet, while on the 
Himalaya mountains its rise will be only about 8 or 10 feet. 

6*79. Heights Measured by the Temperature of Water. — At 
the surface of the earth, water boils at the temperature of 212°, 
the barometer being at 30 inches, this being, as above stated j 
the medium pressure of the atmosphere. If the pressure hap- 
pens to be a little more, or less, than this, as is sometimes the 
case, the boiling point may vary a few degrees from 212. • 

580. Now the pressure, as well as the temperature varies in a 
regular proportion as we ascend from the surface of the earth, 
iis seen by the above table, and experiment shows that the boil- 

979. What is the heat of boiling water at the level of the earth 1 580. Explain in 
bat manner the heij^ht of a mountain is found by boiling water 1 
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ing heat of water, diminishes in as regular a gradation accord- 
ing to the pressure. Thus in a vacuum, water boils at about 
60 or 10 degrees instead of 212°, even the heat of the hand 
being sufficient for this purpose. At Quito, which is nearly 
9,000 feet above the sea, level water boils 194° — ^an egg there- 
fore, cannot there, be boiled hard in an open vessel, and water 
will not rise in a suction pump above 20 or 22 feet On this 
principle a traveler may find his elevation by means of boiling 
water, and a thermometer. 

681. Use as a Weather Glass. — While the barometer 
stands in the same place, near the level of the sea, the mercury 
seldom or never falls below 28 inches, or rises above 81 inches; 
Its whole range, while stationary, being only about 3 inches. 

582. These changes in the weight of the atmosphere, indi- 
cate corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it M\s, cloudy or falling weather ensues, and that when 
it rises, fine clear weather may be expected. During the time 
when the weather is damp and lowering, and the smoke of 
chimneys descends toward the ground, the mercury remains de- 
pressed, indicating that the weight of the atmosphere, during 
such weather, is less than it is when the sky is clear. This con- 
tradicts the common opinion, that the air is the heaviest when 
it contains the greatest quantity of fog and smoke, and that it 
is the uncommon weight of the atmosphere which presses these 
vapors toward the ground. 

583. A little consideration will show, that in this case the 
popular belief is erroneous, for not only the barometer, but all 
the experiments we have detailed on the subject of specific grav- 
ity, tend to show that the lighter any fluid is, the deeper any 
substance of a given weight will sink in it. Common observa- 
tion ought, therefore, to correct this error, for every body knows 
that a heavy body will sink in water, while a light one will 
swim, and by the same kind of reasoning ought to consider, 
that the particles of vapor would descend through a light atmos- 
phere, while they would be pressed up into the higher regions 
by a heavier air. 

584. Indications of the Barometer. — ^The following indications 
of the barometer with respect to iiie weather, may be depended 
on as correct, being tested by the observations of the author : — 

I. In calm weather, when the wind, clouds, or sun, indicate 
approaching rain, the mercury in the barometer is low. 

583. By what analogy is it shown that the air is lightest when filled with vapor 1 
584. Mention the indications of the barometer concerning the weather 

14* 
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II. In serene, fine, settled weather, the mercury is high, and 
often remains so for days. 

III. Before great winds, and during their continuance, from 
whatever quarter they come, the mercury sinks lowest, and 
especially ii they come from the south. 

IV. During the coldest, clear days, when a gentle wind from 
the north or west prevails, the mercury stands highest 

y. After great storms, when the mercury has been lowest, it 
rises most rapidly. 

VI. It often requires considerable time for the mercury to 
gain its wonted elevation aft«r a storm ; and on the contrary, 
it sometimes rains without the usual corresponding change in 
its altitude. 

VII. In general, whether there are any appearances of change 
in the horizon or not, we may prognosticate rain whenever the 
mercury sinks during fine weather. 

VIII. When it rains with the mercury .fcigh, we may be sure 
that it will soon be fair. 

685. Use at Sea. — The principal usq of the barometer, is on 
board of ships, where it is employed to indicate the approach 
of storms, and thus to give an opportunity of preparing accord- 
ingly ; and it is found that the mercury sufters a most remark- 
able depression before the approach of violent winds, or hurri- 
canes. The watchful captain, particularly in southern latitudes, 
is always attentive to this monitor, and when he observes the 
mercury to sink suddenly, takes his measures without delay to 
meet the tempest. During a violent storm, we have seen the 
wheel barometer sink a hundred degrees in a few hours. 

686. Preservation hy the Barometer. — But we can not illus- 
trate the use of this instrument at sea better than to give the 
following extract from Dr. Arnot, who was himself present at 
the time. "It was," he says, "in a southern latitude. The sun 
had just set with a placid appearance, closing a beautiful after- 
noon, and the usual mirth of the evening watch proceeded, 
when the captain's orders came to prepare with all haste for 
a storm, llie barometer had begun to fall with appalling 
rapidity. As yet, the oldest sailors had not perceived even a 
threatening in the sky, and were surprised at the extent and 
hurry of the preparations ; but the required measures were not 
completed, when a more awfu^ hurricane burst upon them than 
the most experiehoed had ever braved. Nothing could with- 

585. Of what use is the barometer on board of ships 1 When does the mercury suffer 
the most remarkable depression ? 586. What remarkable instance is stated, where a ship 
seemed to be sared by thtt use of the barometer 1 
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stsnd it ; the sails, already furled, and closely hoand to the 
yards, were riven into tatters ; even the bare yards and masts 
were in a great measure disabled; and at one time the whole 
rigging had nearly fallen by the board. Such, for a few hours, 
was the mingled roar of the hurricane above, of the waves 
around, and the incessant peals of thunder, that no human voice 
could be heard, and amidst the general consternation, even the 
trumpet sounded in vain. On that awful night, but for a little 
tube of mercury which had given the warning, neither the 
strength of the noble ship, nor the skill and energies of her 
commander, could have saved one man to tell the tale." 

CIRCULAR BAROMETER. 

587. A barometer lately invented in France and patented 
both there and in England, is of a circular form, and about six 
inches in diameter. Instead of mercury, as in the common in- 
strument, this consists of an exhausted, circular, flattish vessel, 
placed near the circttmference, and on which the atmosphere 
acts, and by means of which, its pressure, through the medium 
of clock work, is indicated on a revolving index. This barome« 
ter is particularly designed for the use of travelers, and for 
ascertaining the elevation of mountains, for which purposes it is 
much more convenient than the common instrument, being of 
solid metal, and in form and size such as to make it both of safe 
and easy conveyance. Having seen this instrument only for a 
few moments, we can give no satisfactory description of its 
structure. 

WATER PUMPS. 

588. The efficojcy of the common pump in raising water ^ de- 
pends upon the force of atmospheric pressure^ the principles of 
which have been fully illustrated under the articles, Air- Pump 
and Barometer, 

589. An experiment, of which few are ignorant, and i\hich 
all can make, shows the principle of the pump in a very strik- 
ing manner. If one end of a straw be dipped into a vessel of 
liquid, and the other end be sucked, the liquid will rise into the 
mouth, and may be swallowed ; and what country lad has not 
had a drink of cider in this way ? 

The principles which this experiment involves are exactly the 
same as those concerned in raisfng water by the pump. The 
vessel of liquid answers to the well, the straw to the pump log, 
and the mouth acts as the piston, by which the air is removed. 

588. On whftt does the efficacy of the common pump depend ? What experiment it 
•tated, at ilioitratiof the principle of the common pump 1 How many kindi of pumpt 
■re mantioned 1 
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Water pumps are of tbree kinds, oamely, the luekinff, or eom- 
mon pump, the lifting parop, and the forcing pomp. 

590. CouMON Ubtallio 

PcMP.— This {Fig. 146,) Fia. i«. 

oonaists of a brass or iron bar- 
rel, A, containiDg at its up- 
per part a hollow piston and 
valve, opening upward. Be- 
lov this there ia another 
valve, also openiog upward. 
The pipe and stop-oock C, 
are for the purpose of letting 
the water from the barrel to 
■he tube, which descends Into 
the well. 

The action of this pump 
depends on the pressure of 
the atmosphere, and will be 
readily understood by the 
pupil who has learned what 
IS said under the arUcIes air- 
pump and barrnneter. 

591. On raising the lever, 
D, the piston, A, descends 
down the barrel, the lower 
valve, B, at the same mo- 
ment closing by the weight i^nmn MtuUii pik^ 
of the water, while the up- 
per one opens and lets the water through. Then, on depress- 
ing the lever, the piston rises, its valve closing, and elevating 
the water above it. By this action a vacuum would be formed 
between the two valves, did not the lower one open and admit 
the water through the pipe above it. The "lever again being 
worked, the same process is repeated, and the water is elevated 
to the spout in an interrupted stream. 

The tube, with the stop-cock C, leading from the barrel to the 
pipe, is added for the purpose of letting the water escape from 
the former in cold weather, and thus prevent its freezing. 

692. Although, in common language, this is called the suc- 
tion pump, still it will be observed that the water is elevated by 
tuctitm, or, in more philosophical terms, by atmospheric pres- 
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sure, only above the valve A, after which, it is raised by lifting 
up to the spout The water, therefore, is pressed into the pump- 
barrel by llie atmosphere, and thrown out by the power of the 
lever. 

693. Lifting Pump. — ^The lifting-pump, properly so called, 
has the piston in the lower -end of the barrel, and raises the 
water through the whole distance, by forcing it upward, without 
the agency of the atmosphere. 

In the suction-pump, the pressure of the atmosphere will 
raise the water 33 or 34 feet, and no more, after which, it may 
be lifted to any height required. 

FORCING-PUMP AND FIRE-ENGINE. 

594. This engine may be of immense importance in cities, or in 
the vicinity of cotton or other factories. It is believed to be a 
recent invention. The following description is from Hogg's 
Natural Philosophy: London, 1863. 

A well. A, is provided with a pump-barrel, B B, in which 
works a piston ; a valve, opening upward, being at C, and an- 
other, also opening upward in the air-vessel, D D, at E. 

In the street, or at any other point, the ornamental portion, H, 
of the machine is placed above the ground, the other parts being 
in the well, as shown by the cut. In this, the piston rod, K K, 
works, being moved by the handle, M. A pipe, F F, proceeds 
from the air-vessel, and is terminated by a screw junction, to 
which the hose, G, is attached, when required. 

It operates thus : On the lever, M, being depressed, the piston 
is raised, creating a vacuum, into which the water presses through 
the valve C. The handle being raised, the piston is depressed, 
by which the valve C is closed, and the water forced through 
the pipe into the air-vessel, through the valve E. By the pres- 
sure of the air in this vessel, the water is forced from it, through 
the pipe F, to the hose G, when required to extinguish a fire ; at 
other times, it delivers its water like a common forcing-pump. 
By compression of the air in the vessel, D D, by the force of 
the piston, it is said that this machine, of only moderate size, 
will throw the water with such force as to extinguish fires at the 
height of 60 feet. 

695. Atmospheric and Forcing-Pump. — A curious com- 
bination of the atmospheric and forcing-pump, is the following 
Fig, 148. 

503. How doM the lifting^pnmp differ from the common pump 1 505. Explain Fif. 
147, and show in what manner the water b brought tq> throofh the pipe Ct and afterward 
thrown out at the pipe 6. 



£96. The atmospheric is Furnished with a rod and piston, with the 
valve, C, opening in the usual manner. The forcing piston, B, is 
of solid metal, working water-tight in its ban-el. The Wrrels 
are joined below the ftJve D, their pistons being also connected 
by a cross-bar, A, between the tods, so that they rise and &I1 
toKeiber. 

Now, when the lever is depressed, and the pistons raised, the 
water above the valve C is discharged at the spout in the man- 
ner of the common suction-pump, and the space .is filled by 
atmospheric pressure through the lower valve D, by the suo- 
tioti<^ipei "When the pistons descend, this valve closes, and the 
■olid piston, B, drives the water through the valve C, and 



above that piston and to the spout. Thus, i* 

one piston operates when the lever rises, and . 
the other when it fella, producing in effect 
a constant stream of water from the spont. 

In the construction of this pump, it should 
be considered that as LotJi cylinders are 
liiled at the same time, the suction pipe 
ought to be large in proportion. 

S97. Stomach— Pump, — The design of 
this pump, of which there are several varie- 
ties, is to throw a fluid into the stomach, 
and again withdraw it, without changing the 
apparatus, but only its position. In cases of 
poisoning, the contents of the stomach may 
thus be diluted and withdrawn, including 
the deleterious matter, and thus the life of 
the individual be saved. 

588. That here described is from the 
Journal of the Franklin Institute. It consists 
of a common metallic syringe. A, Mff. 149, 
screwed to a cylindrical valve-box, B, which 
contains two ovoid cavities, in each of which 
there is a loose spherical metallic vaive. The 
endsofthecavitiesare pierced, and the valves ^am^fkm 



fit esactly either of the orifices. Thus, it makes no cliflerenoe 
which end of the valve-box is upturned, the valve falling down 

SK. Wh.l ii Uh UH of th« .UiinMh-lft.p 1 MB. D«ciilM (bg womMn-^p, ud 
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and closing the orifices in either direction. The flexible India 
rubber tubea, C D, are attached to the opposite ends of the 
cavitiea. 

Now, suppose the then upper tube is introduced into the 
Btomacb, and the lower oue into a basin of warm water; in this 
poeitdoD, on working the sjringe, the liquid would be injected 
into the stomach, and the poison diluted ; then, on reversing the 
poMtion, by turniag the syringe in the hand, without withdraw- 
ing the tube from the stomnch, the valves drop on the other 
orificee, and the water is pumped from the stontach into the 
basin, as represented by the figure. 

This is an interesting and beautiful inveutjon, and, no doubt, 
has been the instrument of saving many human lives in cases 
of poisoning. 

SB9. FtBB— Ehoike. — 'This important machine is represented 
by Fig. 150, and is thus described : Two forcing pumps, B, are 
placed in the cistern of water A A. In the narrels are the 
pistons P P, attached, by the rods I J, to the woriing-beam G, 
which is moved bj the handles H H. The valves C C open 
inwards to the barrels, and, D D open to the receiver, E E, 

Action. — On woi'king the beam, the pistons alternately play 
up and down, by which the water is projected in a continued 

5M. Eipliin Fii- 130, ind il«cri)w Ills a^on sf tha AreanfiiH. Wlwt udh tba 
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stream into the receiver, which con- 
tdns air, at E E. By the action of 
the pumps, the water is pressed from 
the receiver through the pipe K, 
knd, by the reaction of the air, the 
stream is continued, without the 
least interruption, and is directed to 
any place required, by the hose 
which is screwed on the pipe at F. 
The valves, it will be seen, all open 
inwards, thus preventing the escape 
of the water, either from the lur-box 
or the cistern. This engine is sim- 

fly two forcing pumps, with their 
irces combined. 
600. Fountain or Hiaao. — 
There is a beautiful fountain, c-alled 
tho/ountaitt of ffiero,vihich acta by 
the elasticity of the air, and on the 
principle of hydroatatio pressure. 
Its conatrucUon will he understood hi, 

by Ji'tff. 151, but its form may be 
varied according to the dictates of fimcy or 
taste. The boses A and B, together with 
Qte two tubes, are made air-tight, and 
strong, in proportion to the height it is de- 
sired the fountdn should play. 

To prepare the fountain for action, fill the 
box A, through the spouting tube nearly full 
of water. ' The tube C, reaching nearly to 
the top of the box, will prevent the water 
from passing downward, while the spouUng 
pipe will prevent the air from escaping up- 
ward, after the vessel is about half filled* 
with water. Next, shut the etop-eock of 
the spouting pipe, and pour water into 
the open vessel D. This will descend into 
the vessel B, through the tube E, which 
nearly reaches its bottom, so that after & 
few inches of water are poured in no air 
can escape, except by the tube C, up into 
the vessel A, The air will then be com- 
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pressed by the weight of the column of water in the tube C, 
and therefore the force of the water from the jet-pipe will be in 
proportion to the height of this tube. If the tube is 20 or 
30 feet high, on turning the stop-cock, a jet of water will spout 
from the pipe that will amuse, and astonish those who have 
never before seen such an experiment. 

Fig, 162, is another form of Hiero's Fountain, made of 
glass, so as to observe the action of the water. It requires a 
frame for its support, not shown in the figure. The description 
of Fig, 151, will answer for this. 



CHAPTER VIII. 

HEAT, AND .THE LAWS OP ITS ACTION. 

601. In respect to the laws of incidence and reflection, and 
in many other respects, the phenomena of light and heat are 
the same. But in respect to transmission, radiation, distribu- 
tion, effects on other substances, both chemical and mechanical, 
and the manner in which it affects our senses, there are, it is 
well known, great differences, 

DISTRIBUTION OF HEAT. 

602. The rays of heat falling on a body are disposed of in 
three ways. First, they may be reflected, or rebound from the 
surface ; second, they may be absorbed or received into the sub- 
stance of the body ; or third, they may be transmitted, or pass 
through its substance. 

603. Reflection. — Radiant heat, that is, the heat flowing from 
any hot body, is li](e light reflected from polished surfaces, and 
as in light, the angle of reflection is equal to that of incidence. 
Those surfaces, however, which reflect light most perfectly, are 
not always the best reflectors of heat. Thus, polished metals 
are the best reflectors of heat, while glass, which reflects li^ht 
most perfectly, is a very imperfect reflector of heat ; thus tin 
plate reflects about eight times as much heat as a glass mirror. 

604. ^i^orp^ion.— -Radiant, heat is absorbed with very differ- 
ent &cilities by bodies and surfaces of different kinds. Those 

801. In what retpecti are^ action of heat and light the same ? In what Tespeotf am 
their phenomena diMimilaf? 60C. In what ways are the rays of light diffused 1 003. 
What is meant by reflection of heat ? '604. What hy absorption. 
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surfaces whicli radiate most readily, absorb heat with the great- 
est facility, and on the contrary, those surfaces which radiate 
feebly, do not readily absorb heat. ITius a plate of tin, if 
painted black, will both absorb, and radiate perfectly ; while, if 
the surface retains its bright metallic polish, it will neither ab- 
sorb nor radiate. Hold the black surface near the fire, and the 
metal will soon become too hot for the fingers ; while the bright 
surface will not become even warm, by the same exposure. 
There is also a difference between culinary heat and that of the 
sun, with respect to absorption, for if a piece of plate glass be 
held before tlie fire it soon becomes hot, while every window 
shows by the temperature of the glass, that it does not absorb 
the heat of the sun. 

605. Transmission, — Most transparent substances transmit 
heat, that is, allow it to pass ^through their pores, with more or 
less facility ; in this respect, however, experiment proves that 
there are great differences in bodies, where from external ap- 
pearance, little or none might be expected. Thus, rock-crystal 
transmits heat very perfectly, while alum, though equally trans- 
parent, admits few of the calorific rays to pass through it. This 
difference is so great, that a piece of smoky, brown rock-crystal, 
which was fifty-eight times thicker than a transparent plate of 
alum, transmitted 19 rays, while the alum transmitted only 6. 
The cause of this remarkable difference is unknown, though 
probably it depends on the crystaline structure of the two 
substances. 

606. Operation of these Laws. — ^The general diffusion of 
heat seems to depend on the operation of the above described 
natural laws, and hence it is, that in the same vicinity, two 
thermometers graduated alike, and equally exposed, always 
indicate the same temperature. 

607. Other Effects of Heat. — Besides the above, we will 
illustrate and explain two other effects of Iteat viz, : Expansion 
and Circulation. 

608. Expansion, — The operation of the thermometer depends 
on the expansion of the mercury by heat ; but the apparatus, 
Fig, 153, is designed to show the expansion of the solid metals, 
by the same power. This instrument is called the Pyromeier^ 
and is thus described. A, is a rod of metal laid on the rests, 
and one end of which is made to touch the screw, B, whife the 
other end presses on the lever, C, which acts on the index, E, 

What by radiation 1 What lurfaces reflect beat bMl GiTe examples. What 
■orfacei ponen the greatest absorbing powers V Ezamplev 605. Gire examples of the 
transmission of heat through substances. 606. What are the means of the ffeneral dif- 
fusion of heat 1 608. On what does the operation of the thermometer depead f 
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ao ibtA it irill be seeo that a slight ezpansioD of the metal will 
be apparent by this double action. On the platform D, are 
lamps, by the heat, of which the metals are expanded. This 

pyrometer is of brass. In making experiments, the different 
metals should be of the same size and length, and the heat of 
the lamps applied the same length of time. 



In general it is found bj this 
instmment, that the metals most 
easily fusible, expand most by 
the same increments of heat. 
Thus tin, lead, and zinc, expand 
more than copper, siker, gold, 
platina, or iron. 

609 CiBCDLATioN. — Let the 
endless iron tube, Fiff. 164, be 
filled full of water, and heat ap- 
phed to the spiral portion of it 
at B. The fluid, by the influ- 
ence of the heat,^)ll instantly 
begin to circulate through the 
tube, the warmed portion rising 
upward, while the cold in the op- 
posite portion of the tube will 
descend to take its place, undl the 
whole becomes equally heated," - 
The tube may be led to an apart- 
ment above the floor, D, where the 
other spiral at A, is if ' 
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difiiue the heat, in proportion to the extent of the metallic eorbce 
eapoeed. 

The water in such tubes is heated to much above the boiling 
point in the open air. The use of such tubes for heating apart- 
ments is becoming quite common ; and it is said that after 
every atteutdon to make the apparatus steam tight, still the 
water escapes, requiring a small addition once in a few weeks, 
which is introdnced by the stop-cock, C. 



610. Did not Ihe heat diffuse itself cm above described, (606,) 
the thertnometer would be entirely useless, since several in the 
same vicinity, though graduated exactly alike, would indieatt 
different temperatures. 

611. Chaboe op PARtici-BB Br Hbat. — Count Rumfbrd 
thought that any change in the temperature of fltuds, could 
only be effected b^ a change in the 

place of their particles ; and any one ^^' '^^ 

who will watch boiling water ia a glass 
vessel, will see the grounds of this 
opinion, espedally if it contains par- 
ticles of some solid of near its own 
specific gravity. 

The glass jar of water placed over 
a lamp Fig. 166, will soon beg^n to 
show the circulation of the fluid. The 
portion near the bottom, as it becomes 
dilated by the heat, will become light- 
er than that near the sides and will 
rise towards the surface, as shown by 
the arrows, while that near the sides 
will fiill down to take its place, be- 
cause it is colder, so that the circula- 

.tion vrill continue until all is of the J(i«*« V?«tw« »» flioi 
same temperature. 

612. The term thermometer comes from two Greek words, 
signifying heat measurer; and its use strictly corre8p<mds to the 
name, being an instrument for comparing the degrees of &ee 
heat existing in other bodies, ^his it does by the expansion 
and contraction of a fine tiiread of mercury, confined in a glass 

>nd on It uw udH 
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tube, having a small reserroir of the same metal at the lower 
end, called the bulb. 

613. Mercury is employed for this purpose for several rea- 
sons; one is that fluids, as alcohol, occupy too much space; 
another, that this metal is more uniform in expanding and con- 
tracting than any other substance ; aud lastly, it is not liable to 
vaporize in the vacuum in which it is placed, and thus, like 
liquids, to interfere with its own variation in the stem. 

614. Alcoholic Thermometer. — Although mercury, or 

Suicksilver, is the best substance known for the construction of 
lermometers, and is that universally employed jn temperate 
climates, yet it is objectionable in extreme, or polar latitudes, 
on account of its liability to freeze. In Siberia, and other north- 
em inhabited regions, where the cold is often down to — 40^ of 
Fahrenheit's scale, alcoholic thermometers are of necessity em- 
ployed, since at that point mercury becomes solid by freezing, 
and therefore useless. These thermometer tubes are much 
longer than ordinary, since alcohol expands in a greater propor- 
tion than mercury by the same increment of heat. 

616. Different Mercurial Thermometers, — There are three 
thermometers in general use, namely, Fahrenheit's which is 
used in England, and in this country ; the Centigrade^ con- 
structed by Celsius, which is generally used in France; and 
Reaumur's thermometer, adopted in Germany. 

616. Fahrenheit, (Fah,) — In this the intermediate space be- 
tween the freezing and boiling points is divided into 180 de- 
grees; the freezing being marked 32°, and the boiling 212°. 
This scale was invented by Fahrenheit, fit>m an erroneous belief 
that 32 of these divisions below the freezing point of water, 
which is therefore on the scale, indicated the zero, or greatest 
degree of cold. But he afterward discovered his error, and his 
instrument being in use, corrected it as far as possible, by adding 
a series of descending degrees below his zero, prenxing to 
them the sign — , or minus, that is, below zero. 

617. Centigrade, {Cent.) — It is also sometimes indicated by 
Cel, for the name of the inventor. It consists of an arrange- 
ment of the scale, in which the freezing point is marked 0, or 
zero, and the boiling point is marked 100°. This is a more 
convenient scale than the other, the freezing and boiling points 
being even numbers, and all below the former — minus. 

618. Reaumur, {Reau.) — In this the freezing point, as in 

613. Why u mercory ntad in thermometers in preference to liquids t 614. Why 
are alooholio thermomateis osed 1 615. What are the names of the mureurial thernon- 
eten 1 616. What are the divisions of Fahrenheit's scale ? 617. What aie tfaoee of 
the Centigrade Y 618. What are those of Reaumur 7 
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the last, is marked 0, while the boiling point, instead of being 
100°, is marked 80°. The degrees are continued both above 
and below these points, those below being negative or minus, 
as in the others. 

These Thermometers Compared, — In books of foreign travels, 
where the author adopts the thermometer of the country he de- 
scribes, the reader is often perplexed to know what degrees of 
temperature are indicated according to his own scale, by what 
he reads. Figures are therefore added of each, Pig, 166, 
together with a table showing the correspondence of the three, 
and the rules for converting one scale into ttle others. 



FIG, 1.56. 




Fahrenkeit. 



Centigrade, 



Reaumur. 



619w Thus the Centigrade scale is reduced to that of Fahren- 
heit, by multiplying by 9 and dividing by 6, and that of Reau- 
mur to that of Fahrenheit, by multiplying by 9 and dividing by 
4 ; or that of Fahrenheit to either of the others by reversing 
these processes. Examples : — 



Cent. 100° X 9rr900H-5.; 
Reau. 80° X 9 =* 7 20 — 4: 
Fah. 212°~32 = l,8ax5: 
Fah. 212° — 32 = 180x4: 



180+32: 

180+32: 

900H- 9: 

:'720-^ 9 



212° Fah. 
:212° Fah. 
:100° Cent; 
: 80° Reau. 



619. How is the Centijn'Bde reduced to that of Fahrenheit? How is that of BMumar 
Tedaoed to that of Fahrenheit "* 
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The following Table from Prof. Hoblyn's Dictionary of Science, 
shows at a single view the correspondence between these ther- 
mometers, from the zero to the boiling point of Fahrenheit. 



Fahrenheit. 


Centigrade. 


Reaumar. 


BOILING. 212 . . 


. . 100 . . . 


. 80 


200 . . 


• . oo,oo • • • 


. 74.66 


190 . . 


. . 87.77 . . . 


. 70.22 


180 . . 


. . 82.22 . . , 


. 65.77 


170 . . 


. . 76.66 . . . 


. 61.33 


160 . . 


. . 71.11 . . . 


. 56.88 


150 . . 


65.55 . 


. 52.33 


140 . . 


. . 60 . . . 


. 48 


130 . . 


. 55.55 • 


. 33.55 


120 . . 


. . 48.88 . . . 


. 39.11 


110 . . 


. . . 43.33 . . 


. . 34.66 


100 . 


. . . 37.77 . . 


. . 30.22 


90 . . 


. . . 32.22 . . 


. . 25.77 


80 . . 


. . . 26.66 . . 


. . 21.33 


70 . 


. . . 21.11 . . 


. . 16.88 


60 . , 


• 15.55 . 


. . 12.44 


60 . . 


. . 10 


. . 8 


40 . . 


. . . 4.44 . . 


. . 3.35 


FREEZING. 32 


. . . . . 


. . 


20 . . 


6.66 . 


. . 5.33 


10 . 


. . . 12.22 . . 


. . 9.77 


ZERO. Q 


. . . 17.77 . . 


. . 14.22 
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620. Several methods, of making thermometers mark their 
own temperatures, in such a manner as to leave permanent indi- 
cations of the highest and lowest points, have been invented. 
It is easy to see, that in attempting to find the temperature of 
the deep ocean, by the common thermometer, the object would 
be defeated by the change in the height of the mercury as the 
instrument is drawn toward the surface. If, however, a mark 
could be fixed at the point where the mercury was lowest when 
thousands of feet under the surface, then the object in question 
would be attained, and many other questions with respect to 
the changes of temperature during iii*ght, or day, when it would 
be inconvenient to watch the instrument, would be solved, and 
such are the objects of this instrument. 

690. What are the uset of self-regiitering thermometen Y 
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621. Six's Thermometer. — Among 
inventions for the above purpose, Six's 
self-register is the best. It consists of a 
single tube, twice bent Jf*ig. 157, and 
having a long, cylindrical bulb A, filled 
with alcohol which reaches down the small 
tube to C, where it rests on mercury, the 
latter extending down to B, and up to D. 
Above this it is again filled with alcohol 
so that the lower parts of the tube are 
filled with a heavy, and the upper, with 
a light fluid. 

On each side, and in contact with the 
mercury, is placed a little iron index, C, 
and D, to which are fixed by cement, a 
hair which, pressing against the side of 
the tube fixes the index in any place un- 
less forcibly moved by the expansion of 
the mercury. These iron indexes are 
placed in contact with the mercury, by 
means of a magnet carried along the 
outside of the tube. Being lighter than 
the mercury they float on, but do not 
sink in it, and are there covered by the 
alcohol. 

622. AcTiolT. — When the alcohol in 
the large bulb A, expands, it drives the 
mercury up the opposite tube, say to D, 
where, on its contraction the index is 
left. On the contrary Jf the cold contracts 
the alcohol, the opposite index C,rises, and 
in the like manner, is left at the point of 
the greatest contraction, when the alcohol 
again expands. So that by this curious 
contrivance, the highest, and lowest de- 
grees of heat are indicated, to which it 
has at any time been exposed, and which 
may be known, weeks or months after- 
wards. 

623. DiFFERBNTIAI/ THERMOMETER. 

This ittstrument is shown by Fig. 158. 
It consists of two thin glass bulbs of an 



na 157. 




Seif-RegUteHmg 



FIG 158. 




DiffertnJtiai Themunneter. 



081. How ii Six*8 thermometer for this purpose construotedl Describe the action of 
this themometer. 633. What is the construction of the difFerenUal thermometer 1 
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inch in diameter, connected by a glass tube bent at right 
angles, as the figure shows. This tube is partly filled with col- 
ored alcohol. Now when one of the bulbs is heated more than 
the other, the air in it expands, and drives the liquid into the 
other bulb. 

624. It does not, tjierefore, indicate the temperature of the 
atmosphere, as the same degree of hci t on both bulbs at the 
same time produces no change, its design being merely to show 
the difference of temperature to which the bulbs are exposed. 

CONffTRUCTION OP THERMOMETERS. 

626. Having blown the bulb, it is filled with mercury, as 
follows : The bulb is gradually heated over an alcohol lamp, 
which expels most of the air, the small end being open. This 
end is then dipped into a vessel of mercury, which as the bulb 
cools, ascends up the tube, which on being inverted the metal 
descends into uie bulb. The bulb is next heated until the 
metal boils, which excluding the air entirely, the tube is regu- 
lated with respect to the height of the mercury, and then closed, 
or hermetrically sealed. 

626. Graduation. — ^This consists in making two fixed points 
on the tube, which, being marked with a diamond or file, the 
intervening space is then divided into equal parts. These are 
the freezing and boiling points. To determine the former, the 
tube is placed in a vessel, filled with pounded ice, and allowed 
to remain there until it acquires the temperature of the ice. 
The point for Fahrenheit, thus indicated is marked 32° {Fig. 
169.) 

627. Boiling, — The boiling point is determined by placing 
the tube in a vessel with a long neck, thv steam escaping from 
the two short tubes, on each side, so that the place of marking 
may not be obscured. When the water has boiled by means 
of the alcohol lamp for a while, the point where the mercury 
stands is marked, which being the boiling point, is of course 212°. 

Remarks, — While the steam is allowed to escape, no boiling 
heat, however, protracted will raise the mercury above this 
height. The reason is, that the steam carries oft' the heat, the 
vapor increasing in proportion to the heat of the fire, so that 
no accumulation occurs so long as the vessel is open. Nor will 
the pounded ice sink the mercury below 32°, however long aj>- 
plied, provided the melted ice, or water be allowed to escape. 

024. WhtA is the use of this instrument 1 635. How is the thermometer tube fitted 1 
036. How is the freezing point found ? 037. How is the boiling point found 1 



BKOIIOMBTU. 




. 628. The name of this instrnment from Uie Qreek, ugnifiea 
"moisture measurer." Its use is, to show the etat« of moisture 
ia the atmosphere. Many inventions for this purpose have b«en 
tried, but that represented by Mg. 160, b at present considered 
the best. 

It is called Daniel's dew-point hygromeUr. It oonflista of two 
balls, connected together by a bent tube, as shown by the flg^ure, 
the whole being of glass. The ball B, contains a small quan- 
tity of ether, by the boiling of which, tie air has been expelled 
from the lube. In it a small thermomet«r is placed, with ita 
bulb in the ball. The lower port of this ball is gilded, that the 
deposited dew may be visible. The tnher ball. A, ia covered witii 
muslin, and is kept moist with ether, the evaporation of which 

-— — - nM« I VnuX !• tktl hm AmtiW 
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produces cold, which gradually, by the evaporation of Ae ether 
3n the other ball, reduces the temperature in that to the dew- 
point, which is indicated by the deposition of moisture on the 
gilded ball. 

The degree of temperature at which this deposition takes 
place, is shown by the thermometer in the tube, and this degree 
IS called the dew-point, and this is effected at a higher or lower 
degree, according to the moisture in the atmosphere. The ther- 
mometer on the stem indicates the temperature of the air at 
the time when the observations are made. 



CHAPTER IX. 

flTEAM, AND THE STEAM-ENGINE. 
ELASTIC FORCE OP 6TEAM. 

629. Preparatory to a description of the Steam-Engine, 
it is proper to make some remsfrks and illustrations concern- 
ing the force exerted by steam itself, and to show the manner 
in which that force is ascertained. This is abridged from a 
recent London work, Grahams' Elements of Chemistry. 

630. ^orce of Steam, — At temperatures above that at 
which steam is produced, or above 212° its elastic force is 
determined by heating water in a strong globular vessel of 
glass, containing mercury, M, and water, W, Fig. 161. This 
vessel has a long neck T, screwed to it, open at both ends, and 
dipping into the mercury, and to which is aflSxed a scale A, 
divided into inches. This vessel has also two other openings 
into one of which is screwed the stop-cock B, and into the other 
ihe thermometer L, having its bulb within the globe. 

The water is boiled for some time, with the stop -cock open, and 
the steam escaping, the thermometer will remain at 212°, but 
on shutting the aperture, and thus confining the steam, the 
thermometer will begin to rise above 212°. The steam in the 

globe becoming more, and more dense by confinement, forces 
le mercury to ascend in^ the guage tube A, to a height pro- 
portioned to its elastic force. The height of the mercury in 
the tube shows the amount of pressure which the steam exerts, 

689. Explain Fig. 160, and show how the elastic force of steam is determined. 630 
To what is the weight of the atmosphere equal. 
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while the thermometer indi- 
cates the temperature above 
212^, at which any particular 
force is given. 

63 1 . The weight of the atmos- 
phere itself is equivalent to 30 
inches of the barometer, which 
pressure is overcome by the 
steam at 212°, before it began 
to act on the mercurial gauge, 
in consequence of confining uie 
steam. For every 30 inches, 
the mercury is forced up in the 
tube by the steam, it is said to 
have the pressure of another 
atmosphere. Thus when the 
mercury in the tube stands at 
30 inches, the steam has the 
weight of two atmospheres ; 
at 45 inches two and a half at- 
mospheres, and a4 60 inches, 
three atmospheres, and so in 
this proportion. 



FIG. 161. 




f\arc9of Steam. 



nbwcombn'b engine. 

632. In this edition the description of jN'ewcomen^s engine, is 
omitted, as being superseded by the improvements of the pres- 
ent time, and therefore occupying room which we have replaced 
by the insertion of such items of new discoveries, as were 
thought of much higher importance. It will be seen in vari- 
ous parts of this revision, that no pains have been spared in 
abridging such articles as admitted it, in order to make room 
for many important Mechanical and Philosophical fkcts which 
have been discovered since our last revision. 

633. Watt's Steam-Enginb. — ^What is meant by the double 
action of Watt's engine consisted in the application of steam 
alternately on each side, or above and below the piston, and by 
which it was moved both up and down, while that of Newco- 
men's was moved only in one direction, that is, up by the steam, 
and down by the force of the atmosphere operating over a 

831. What if tlw forc« of the iteam equal to when tlie gaufe ii at GO inches. 
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vacuum. The importance of Watt's invention can only be 
appreciated when it is considered that all steam-engines at the 
present day are worked on this principle. 

634. Watt's DouBLE-AcTiNO Engine. — ^In considering the 
applicability of the steam-engine to manufactures generally^ it 
occurred to Watt that if he could contrive to admit steam al- 
ternately above and below the piston, and, at the same time pro- 
duce a vacuum alternately below and above the piston, a double- 
acting cylinder would be produced, and an impulse thus be com- 
municated by the ascent as well as by the descent of the piston, 
and a uniform continuous action be elSec^. It was desirable, 
also, to convert this reciprocating action into a circular one. 

635. On this subject Watt observes: "Having made my 
single reciprocating engines very regular in their movements, I 
considered how to produce rotative motions from them in the 
best manner ; and, among various schemes which were subjected 
to trial, or which passed through my mind, none appeared so 
hkely to answer the purpose as the application of the crank, in 
the manner of the common turning lathe ; but, as the rotative 
motion is produced in that machine by impulse given to the 
crank in the descent of the foot only, it requires to be continued 
in its ascent by the energy of the wheel, which acts as a fly, 

636. " Being unwilling to load my engine with a fly-wheel 
heavy enough to continue the motion during the ascent of the 
piston (or with a fly-wheel heavy enough to equalize the motion, 
even if a counter-weight were employed to act during the as- 
cent,) I proposed to employ two engines, acting upon two 
cranks fixed on the same axis, at an angle of 120° to one an- 
other, and a weight placed upon the circumference of the fly- 
wheel at the same angle to each of the cranks, bv which means 
the motion might bo rendered nearly equal, and only a very 
light fly-wheel would be requisite." In following out this plan, 
some very important changes were introduced into the machinery 
of the steam-engine : the principle of these are the double-act- 
ing cylinder, the parallel motion, the crank, the fly-wheel, and 
the governor. Each of these will first be severally described ; 
and, their operation in the double-acting engine be afterward 
pointed out. 

637. Double-acting Cylinder, — The first alteration to be 
noticed in the double acting engine is that of the cylinder. To 
insure its double action, it is necessaiy to provide, at each end 
of the cylinder, a means of admission of steam from the boiler, 

fi34. What was Watt's ereat improvement in the steam-engine? 637. What is meant 
bjr the dooble-acting cylinder 1 



and of eteape for the st«am to the condenser. Hence, tte 
double action, which means that the pistoa is botJi raised and 
depressed by the force of steam. 

638. For this purpose, a sleam-box is fixed ^°- ^^ 
to each end of the cylinder, communicating, in 

the one case with the upper, in the otlier with 
the lower surface of the piston. In Fig. IftC, 
B is the upper and B' the lower steam-bos. 
Each of these boxes is fiimiahed with two 
valves. 

639. I. In the upper sleam^x, the upper 
or sUam valve, S, admits steam from the boiler 
through a tube, the mouth of which is seen 
immediately above the valve; the lower or ■ 
exhausting valve, C, permits the escape of the 'cyii,^'' 
Hleam from the cylinder (o tbe condenser, 

through a tube opening immediately below the valve. In this 
figure, the piston is at the top of the cylinder ; the exhausting 
valve is, therefore, represented as dosed, and the steam valve as 
opeir, for the admission of steam, which rushes through the 
passage D to the top of tbe cylinder, in order to force the piston 
to the bottom. 

640. 11. In the lower sleam-hox, a corresponding mechanism 
is observed, and its valves must be worked at the same moment . 
as those of the upper box, but upon an exactly opposite principle. 
The cylinder is full of steam, and the piston at the top ; the 
steam valve, S', must, therefore, be closed, and tbe exhausting 
valve, C, opened, in order that the steam may rush out at the 
passage, D, and a vacuum be formed beneath the piston, to give 
effect to the steam which is now entering above it. 

641. In Fig. 163, the piston is at the bot- 
tom of the cylinder. 1. In the lyjper steam- ^'^' ■*3. 
box, the steam valve, S, is accordingly closed, 

and the exhausting valve, C, opened, to admit 
of the escape of the steam from above the 
cylinder through the passage, D, into the con- 
denser, and thus to produce a vacuum above 
the piston. 2. In the louier sleam-box, the 
exhausting valve, C, is closed, and the aleam 
valve, S, opened, in order that steam may rush 
in by the passage, D', and force the piston to 
the top of the cylinder. vyuimr. 

ex. EiidaJn Um dHiU«-uling cjlindn ij Fiii. «S ind J63. 
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From the preceding description, it is evident that the alter- 
nate motions of the piston depend on the opening and closing 
of the valves, alternately, in pairs. When the piston is at the 
top of the cylinder, the upper steam valve and the lower ex- 
hausting valve are to be opened, while the lower steam valve 
and the upper exhausting valve are to be closed. When the 
piston is at the bottom of the cylinder, this process is reversed. 

642. Nature of the Crank. — It has been shown that the 
alternate motions of the piston-rod, determined by the double- 
acting cylinder^ are communicated to the working end of the 
beam, to ^he curved motion of which they are adjusted by the 
contrivance of the parallel motion. The next object was to 
convert the rectilinear motion, thus produced, into a rotatory 
motion. 

So long as the force of steam was employed for the mere 
purpose of raising water, no such motion was wanted; but, 
when its application was required for the purpose of turning the 
wheels of mills, of giving effect to the machinery of cotton 
manufactures and printing-presses, of propelling steam-vessels 
and other locomotive engines, it became necessary to impart a 
new direction to its operation. To obtain this object, the crank 
was introduced. 

643. 'f he simplest idea of a crank fig. i64. 
is that of the handle to a wheel ; 
its action is familiarly illustrated in 
the process of drawing water from 
a well ; the bent handle attached 
to the wheel is first pushed out, 
then pulled in the opposite direc- 
tion, and thus a continued rotatory 
motion is produced upon an axle. 
The application of this principle to 
the steam-engine, and the variations 
of pressure on the crank of a steam- 
engine, may be conveniently illus- 
trated by curves. 

644. This will be readily per- 
ceived by Fig, 164, which repre- 
sents the lower portion of the con- 
necting-rod, which works at its up- Oank. 
per extremity on a pivot connected 

with the working extremity of the beam. 

642. What ii the crank, and how does it act? 644. What an the deiid pointa in iIm 
motion of the crank 1 
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The lower extremity of the rod is connected by a movable 
joint at I, with the lever I K. The center or axis to which tha 
rotatory motion is to be communicated, is indicated by the letter 
K. Hence, it would appear that, as the connecting-rod moves 
upward and downward, it would carry the lever, I E, round the 
center £[, so as to occupy successively the positions denoted in 
the figure by the dotted shadows of the lever ; and, thus, a con- 
tinued rotatory motion would be oommunicated to the axis. 

645. Irregular Action of the Crar^k, — On considering more 
closely the action of the crank, it will be found to be by no 
means continuous in its motion. There are two positions which 
the crank assumes in its circuit, in which the moving power 
has positively no effect whatever, ^in communicating a rotatory 
motion to it. 

646. I. When the piston is at the bottom of the cylinder^ 
the crank will be in the position denoted in the preceding figure; 
the joint, I, will be in a perpendicular line between the upper end 
of the connecting-rod and the center, K. It is obvious that, as 
the piston ascends in the cylinder, the connecting-rod will tend 
to push the joint, I, not to the right nor to the left of the dotted 
circle, but directly downward upon the axis, EL 

647. II. When the piston is at the top of the cylinder^ the 
crank will have performed half a revolution, and the joint, I, will 
be in a perpendicular line below the center, K. As the piston 
descends, the connecting-rod will tend to pull the joint I, not \f> 
the right nor to the left of the dotted circle, but directly up- 
ward upon the axis, K. It is evident that, if in either of these 
positions, the action of the crank were for a moment to cease, 
it would be out of the power of the piston to put it again into 
motion. 

648. Nature of a Fly-Whekl. — ^In impelling machinery 
by force, it is frequently necessary that the force should he regu- 
lated. This necessity may arise from several causes. There 
may be a want of uniformity in the frst moving power, as in the 
single-acting engine of James Watt, in which the descent of the 
piston is effected by the pressure of steam, while its ascent is 
effected by a totally different means, viz. : by the pressure of 
the atmosphere. Or, there may be a want of uniformity in the 
resistance which the force has to overcome, as in the crank des- 
cribed in the preceding paragraph. 

To regulate these inconveniences»-and equalize the motion, a 
large heavy wheel, called a fly-wheel, is connected with the ma- 

644. Explain thii by Fig. 161 648. How does the fly-wheel continue the motion of the 
ennki 
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chinery, so as to receive its motion from the impelling power, to 
keep up the motion by its own inertia, and distribute it eqwdly 
in all parts of its revolution. If the moving power slackens^ 
the fly-wheel impells the machine forward ; if the power tends 
to impel the machine too fast, the fly-wheel slackens it. The 
object of the fly-wheel, therefore, is to absorb, as it were, the 
surplus force at one part of the action of the machine, and to 
give it out when the action of the machine is de6cient; by 
Leslie, it was well compared to a " reservoir which collects the 
intermittent currents, and sends forth a regular stream.'* 

Uses of the Fly- Wheel. — The objects of the fly-wheel in the 
steam-en^ne, as here described, are obviously two-fold : first, to 
extricate the machine from ^he mechanical difficulties which 
occur at the two stationary positions of the crank; and, secondly, 
to equalize the effects of the varpng leverage by which the 
first mover acts on the crank. But, besides the irregularity in 
the action of the crank, there are other causes which, in the 
absence of a fly-wheel, would disturb the uniform velocity of 
the engine : there are variations of resistance^ and of power, 

649. When the resistance is increased^ or the moving power 
diminished, the momentum accumulated in the fly-wheel con- 
tinues the motion with little diminution of its own velocity. It 
is not, however, pretended that the equalization of force pro- 
duced by the fly wheel, is perfect ; but, it is sufficient for ordi- 
nary purposes ; and, its efficiency will be proportioned to the 
mass of matter in the circumference of the wheel, and to the 
square of the wheel's velocity. The next step in the progress 
of improvement was to regulate the velocity of the fly-wheel. 

650, The Governor. — Of all the contrivances for regulating 
the motion of machinery, this is said to be the most ef- 
fectual. It will be readily 

understood by the following ^^' ^^• 

description of My, 166. It 
consists of two heavy iron 
balls, B, attached to the ex- 
tremities of the two rods, B E. 
These rods play on a joint 
at E, passing through a mor- 
tice in the vertical stem D D. 
At F, these pieces are united, 
by joints, to the two short 
rods, F H, which, at their ^*« o^vemor. 




649. Doet the fly-wheel eompletely equalize the motion of machinery ? 650. What is 
tiM governor 1 How does the goTeroor operate to equalize the motion of machinery t 
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upper ends, are again connected by joints at H, to a ring 
which slides upon the vertical stem, D D. Now it will be 
apparent that when these balls are tibrown outward, the lower 
links connected at F, will be made to diverge in conse- 
quence of which the upper links will be drawn down the 
ring with which they are connected, at H. With this ring, 
at I, is connected a lever, having its axis at G, and, to the 
other extremity of which, at K, i^ fastened a vertical piece, 
which is connected by a joint to the valve V. To the lower 
part of the vertical spindle, D, is attached a grooved wheel, W, 
around which a strap passes, which is connected with the axis of 
the fly-wheel. 

Now, when it so happens that the quantity of steam is too 
great, the motion of the fly-wheel will give a proportionate ve- 
locity to the spindle D D, by means of the strap around W, and 
by which, the balls, by their centrifugal force, will be widely 
separated ; in consequence of which, ihe ring H will be drawn 
down. Iliis will elevate the arm of the lever K, and by which 
the end, I, of the short lever, connected vnth the valve V, in the 
steam pipe, will be raised, and thus the valve turned so as to 
diminish the quantity of steam admitted to the piston. When 
the motion of the engine is slow, a contrary effect will be pro- 
duced, and the valve turned so that more steam will be admitted 
to the engine. 

661. Connected View of the Double-acting Engine, — We are 
now in a condition to understand the relation which the several 
parts of the engine, already separately described, bear to each 
other. In its general construction it resembles the single-acting 
engine of Watt, not described in the present work, but it differs 
from it in several important features. Among these, are its 
capability of performing twice the amount of work in the same 
time, from the simultaneous action of the pressure, and of the 
condensation of steam, at each ascent and descent of the piston ; 
its near approximation to uniformity of power ; its economy of 
heat, and consequently of fuel, by the diminution of cooling 
surface ; and its reduced bulk. In the following engraving, taken 
from the valuable work of Tredgold, a section of this engine is 
illustrated; a few additional remarks to those which have 
already been made on its separate details, will serve to explain 
its general operation. 

652. At the right is seen {Fig, 166) the great horizontal 
Bteam tube, S, which admits steam into the cylinder through the 

658. In Fig. 166, where if the steam-pipe 1 
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throttle valve, which appears near S in the form of a disc. The 
boiler is omitted in the plate, but, its connection with the tube, 
and the means by which it is supplied with warm water, may 
be inferred from descriptions already given. 

653. The double-acting cylinder, 0, its two steam boxes and 
four valves, and the apparatus for working the valves, are the 
next objects which claim attention. These are explained by 
Figs. 162 and 163. The piston is at the top of the cylinder. 
The upper steam valve, a, is, therefore, represented as open for 
the admission of steam, the upper exhausting valve, c, as closed ; 
the condition of the two lower valves is reversed. The operation 
of opening and closing these four valves is effected by a series 
of levers, terminating in one handle or spanner, which is worked 
by two pegs attached to the pump-rod, R. 

Before the piston arrives at the bottom of the cylinder, the 
upper peg strikes the handle of the levers downward, and, in a 
moment, reverses the condition of the four valves. The steam 
from above the piston then rushes down through the perpen- 
dicular tube S, issues at the lower steam valve d, which will 
now be open, and forces up the piston ; but, before the piston 
arrives at the top of the cylinder, the lower peg strikes the 
handle of the levers upward, the condition of the valves is again 
reversed, the steam below the cylinder rushes through the lower 
exhausting valve b, into the condenser B, and the stroke of the 
engine is repeated. 

654. In the condenser, B, the steam meets with a continual 
jet of cold water. In the double-acting engine, condensation 
goes on equally during the descent and ascent of the piston, and 
the condensing jet is, therefore, incessantly at play. Engines 
with a condenser are called low-pressure engines. The varia- 
tions which occur in the velocity of the piston, and the conse- 
quent variations in the quantity of steam discharged into the 
condenser, require corresponding variations in the quantity of 
condensing water ; its amount is, therefore, regulated by the in- 
jection cock, which is worked by a lever and handle, I. The 
water produced by condensation of the steam is removed by 
the air-pump, A, and carried into the warm cistern, from which 
a portion of it is drawn by the pump, L, and conveyed to the 
boiler. The cistern containing the condenser, the air-pump, and 
the injection cock, is supplied with water by the pump, N, on 
the left side of the beam. 

On the extreme left is the fly-wheel, a part of which is seen 

653. Whioh if the eylioder 1 654. Which ii the eondemerl 
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at P, and to the axle of which is fixed the cranky the being 
moved by the connecting-rod attached to the end of the work- 
ing-beam. To the fly-wheel is also attached the governor ; but, 
these parts having already been explained, and, being unneces- 
sary to the understanding of the whole, are omitted in the 
drawing. 

On the right extremity of the beam is seen the apparatus 
which produces the parallel motion. The moving parallelogram 
is represented at /, &, c?, g ; the rod c? c is the radius rod : it 
terminates the arc of the circle, through which the point d 
travels. At e is seen the extremity of the pump-rod, R, which 
is worked by the same machinery as that of the parallel 
motion. 

655. Returning to the left side of the beam, we find the 
pumping apparatus, D represents the barrel of the pump, and 
M is the pump-rod, which is connected with the beam by 
mechanism similar to that of the parallel motion, already de- 
scribed. When the piston of the pump descends, the water is 
forced upward, through the pipe G, and conveyed, by appropri- 
ate channels, to a distance and height proportional to the power 
of the engine. The barrel of the pump is filled, through the 
pipe F, by means of machinery adapted to this purpose below ; 
and, when the piston of the pump ascends, the valve at the left 
of the barrel opens, and the water rushes through in the same 
direction as that from the pipe G. The supply for the descent 
of the piston will rush in at the bottom valve, from F, and be 
raised through the pipe G, as before. The valves with which 
the piston of the air-pump is furnished are termed clacks, 

HIGH-PRESSURE ENGINE. 

656. In the high-pressure engines, the piston is pressed up 
and down by the force of the steam alone, and without the as- 
sistance of a vacuum. The additional power of steam required 
for this purpose is very considerable, being equal to the entire 

Pressure of the atmosphere on the surface of the piston. We 
ave already had occasion to show that on a piston of 1 3 inches 
in diameter the pressure of the atmosphere amounts to nearly 
two tons.' 

657. Now, in the low-pressure engine, in which a vacuum is 
formed on one side of the piston, the force of steam required to 

055. Which is the air-pump ? Explain the water-pnmp. 656. What n the dtiiereiioe 
between the high and low-prewure engines 1 657. What oonttitotee a low-pmrare 
engine 1 
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move it is diminished by the amount of atmospberiQ pressure 
nearly equal to the size of the piston. 

658. But, in the high-pressure engine, the piston works in 
both directions against the weight of the atmosphere; and, 
hence, requires an additional power of steam equal to the weight 
of the atmosphere on the piston. 

559. These engines are, however, much more simple and 
cheap than the low-pressure, since the condenser, cold water 
pump, air-pump, and cold water cistern, are dispensed with ; 
nothing more being necessary than the boiler, cylinder, piston, 
and valves. Hen<^, for railroads and ail locomotive purposes, 
the high-pressure engines are and must be used. 

Low-Pressure in England, — With respect to engines used 
on board of steamboats, the low-pressure are universally em- 
ployed by the English, and it is well known that few accidents 
from the bursting of machinery have ever happened in that 
country. In most of their boats, two engines are used, each of 
which turns a crank, and thus the necessity of a fly-wheel is 
avoided. 

In this country, high-pressure engines are in common use for 
boats, though they are not universally employed. In some, two 
engines are worked, and the fly-wheel dispensed with, as in 
England. 

660. Accidents, — The great number of accidents which have 
happened in this country, whether on board of low or high- 
pressure boats, must be attributed, in a great measure, to the 
eagerness of our countrymen to be transported from place to 
place with the greatest possible speed, all thoughts of safety 
being absorbed in this passion. It is, however, true, from the 
very nature of the case, that there is far greater danger from 
the bursting of the machinery in the high than in the low-pres- 
sure engines, since, not only the cylinder, but the boiler and 
steam pipes must sustain a much higher pressure, in order to gain 
the same speed, other circumstances being equal. 

HORSE-POWER. 

661. When steam-engines were first introduced, they w§re 
employed to work pumps for draining the English coal mines, 
thus Uiking the place of horses, which, from the earliest times 
of using coal, had performed this service. 

858. How much more force of steam is required in hi^h than in low-preMttre engines 1 
dSO. What parts are dispensed with in bigh-pressare engines 1 660. What is said of ae- 
eidents from steam in our ooantry 1 661. Where did tM steam-engine fiiit take the place 
of bones 1 
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662. It being, therefore, already known how many horses were 
required to raise a certain amount of coal from a given depth, 
the powers of these engines were very naturally compared to 
those of horses ; and, thus, an engine which would perform the 
work of ten horses was called an engine of ten horse-power. 
To this day, the same term is used, with the same meaning, 
though very few appear to know either the origin of the term, 
or the amount of power it implies. 

Several engineers, after the term was thus used, made experi- 
ments, for the purpose of ascertaining the average strength of 
horses, with a view of fixing a standard of mechanical force, 
which should be indicated by the term horiie-power. 

This was done by means which it is not necessary here to 
describe. 

663. Smeaton, a celebrated mechanical philosopher, estimated 
that the average power of the horse, working eight hours a day, 
was equal to the raising of 23,000 pounds at the rate of one 
foot per minute. 

664. Messrs. Bolton and Watt caused experiments to be 
made with the horses used in the breweiies of London, said to 
be the strongest in the world, and, from the result, they estimated 
that 33,000 pounds, raised at the rate of one foot peik minute, 
was the value of a horse's power, and this is the estimate now 
generally adopted. When, therefore, an engine is said to be so 
many horses' power, it is meant that it is capable of overcom- 
ing a resistance equal to so many times 33,000 pounds, raised 
at the rate of one foot per minute. Thus, an engine of ten 
horse-power is one capable of raising a load of 330,000 pounds 
one foot per minute, and so at this rate, whether the power be 
more or less. 

666. Power of Steam. — Experiment has proved that an 
ounce of water converted into steam will raise a weight of 2,160 
pounds one foot. 

666. A cubic foot of water contains 1,728 cubic inches, and 
the power, therefore, of a cubic foot of water, when converted 
into steam, will be equal to 2,160 multiplied by 1,'728, equal to 
3,732,480 pounds. This, then, expresses the number of pounds 
weight which a cubic foot of water would raise one foot when 
A)n verted into steam, supposing that its entire mechanical force 

662. WhtX is the origin of the term hone-power 1 663. What wai Smeaton'a estimate 
of a horse*s power? 6iS4. What was Watt and Bolton^s estimate of a horse's power 1 
What is meant by a horse's power at the present timet How many horses would raise 
33,000 pounds one foot per minute 1 665. What is the power of a square inch of water 
eonverted into steam ? 666. What is ti)e power of a cubic foot of water oonTerted into 
steam 1 How much power is lost in acting upon the engine? 
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could be rendered available. But, in practice, it is estimated 
that the friction and weight of the machinery in action require 
about four-tenths of the whole force, while six-tenths only re- 
main as an actual mechanical power. 

667. Quantity of Water required far each Horse-Power, — 
One horse-power, as already explained, is equal to a force which 
will raise 33,000 pounds one foot high per minute. This being 
multiplied by 60 will show the force required to raise the same 
weight at the rate of one foot per hour, namely, 33,000+60= 
1,980,000 pounds. 

668. Now the quantity of water required for this effect, will 
be found by considering, as already shown that a cubic inch of 
water in the form of steam, is equal to a force raising 2,160 
pounds a foot If we divide 1,980,000, therefore, by 2,160, we 
shall have the number of cubic inches of water required to pro- 
duce a one-horse power, namely, 9,160. ' But we have already 
shown that only 6 parts out of 10 of the force of steam can be 
calculated on as a moving power, 4 parts being expended on 
the action of the engine. To find, then, the amount of waste 
in 916 cubic inches of water, we must divide that number by 6, 
and multiply the result by 4, when we shall have 610 as the 
number oi cubic inches of water wasted. The total quantity of 
water, therefore, which is turned into steam per hour, to pro- 
duce a one-horse power, is equal to 610 added to 916, namely, 
1,526 cubic inches. Hence we see the necessity of the immense 
capacities of the boilers of large steamboats. 

669. Amount of Mechanical Virtue in Coal — For more than 
thirty years, the engineers of many of the English coal mines 
have published annual accounts of their experiments with the 
steam-engines under their care, for the purpose of ascertaining 
the exact amount of coal required to perform certain duties. 
The resiilts of these experiment are among the most curious and 
instructive facts which the lights of science at the present day, 
have thrown upon the manufacturing arts. They were entirely 
unexpected to the owners of the mines, and equally so to men 
of science. 

Report of Engineers, — ^In the report of the engineers thus 
employed, for 1836, it was announced that a steam-engine em- 
ployed at a copper mine in Cornwall, had raised, as its average 
work, 95 millions of pounds a foot high, with a single busM 
of bituminous coal. 

667. How many cubic inches of water ii reqnired to produoe a one-hone power ? 
668. How do you find how many cubic inches of water there are in a one-horse 
power 1 660. What amount of weight is it said a bushel of eool will raise by means of 
steam 1 What was the weight raiscxl by the second tria] 1 

11 
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This mechanical effect was so enonnous and so unexpected, 
that the best judges of the subject considered it beyond the 
bounds of credulity ; the proprietors, therefore, agreed that an- 
other trial should be made in the presence of competent wit- 
nesses ; when, to the astonishment of all, the result exceeded 
the former report by 30 millions of pounds. In this experi- 
ment, fox every bushel of coal consumed under the boiler, the 
engine raised 125-}- millions of pounds one foot high. 

670. On this subject, Dr. Lardner, in his treatise on the steam- 
engine, has made the following calculations: — 

A bushel of coal weighs 84 pounds, and can lift 56,027 tons 
a foot high, therefore, a pound of coal would raise 667 tons to 
the same height ; and an ounce would raise 42 tons one foot 
high, or it would lift 18 pounds a mile high. 

Since a force of 1 8 pounds is capable of drawiog two tons 
upon a railway, it follows that an ounce of coal would draw 2 
tons a mile, or 1 ton two miles. (In the common engines, how- 
ever, the actual consumption of coal is equal to about 8 ounces 
per ton for every mile.) 

The great Egyptian pyramid has a base of 700 feet each way, 
and is 600 feet high; its weight amounting to 12,760,000,000 
pounds. To construct it, is said to have cost the labor of 100,- 
000 men for 20 years. Yet according to the abo\;e calculations, 
its materials could have been raised from the ground to their 
present positions by the combustion of 479 tons of coal. 

EXPLOSION OF BTEAM-BOILBRB. 

671. In certain cases, where the explosion of steam-boilers 
have been peculiarly sudden, violent and unexpected, and no 
other cause could be reasonably assigned, it has been supposed 
that the generation and subsequent combustion of hydrogen gas 
in the over-heated iron vessel, has been in some way the cause 
of the explosion. On this subject a multiplied series of experi- 
ments, made by a Committee of the Franklin Institute, of 
Philadelphia, and at the suggestion and expense of the United 
States Treasury department, have shown, that the generation of 
hydrogen in steam-boilers, however high their heat may be, 
never takes place. Want of room forbids the insertion of the 
detail of these experiments, but it is sufficient to state here, that 
after many trials with the express design of forming hydrogen 

670. VfHiat weight will a pound of coal raise % How great a force maj an ounoe of 
coal be made to produce 1 What is the si2» and weight of the great pyramid of Egjrpt? 
What weight of coal would be required to raise its materials to tneir present ewva- 
tion 1 671. What is said of the generation of hydrogen in steam-boilers 1 Does hydro- 
gen explode alone 1 
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in a steam-boiler, if possible, they never produced a trace of 
this gas, from the decomposition of the water. 

672. Hydrogen not Explosive. — ^Even, if the gas in question 
was always formed in over-heated boilers, no danger conld 
accrue from its presence, since hydrogen never explodes without 
being mixed with oxygen or common air, neither of which ever 
exists in a steam-boiler when in use.. Besides, were these two 
gases in the boiler ready for explosion, still no danger would 
exist, since they never take fire except from contact with flame, 
hence all danger from hydrogen in a steam-boiler exists only in 
imagination. 

673. Globular or Sphe- 
roidal state of Water, — The 
spheroidal state of water in 
steam-boilers has lately at- 
tracted the attention of phi- 
losophers, as the source of 
explosions. This subject 
affords some highly curious 
and interesting experiments, 
all, however, founded on the 
fact, that water is not con- 
verted into steam when sub- 
jected to high degrees of 
neat To those who have 
not examined the subject, this assertion, no doubt, seems prepos* 
terous and untrue. {See Fig. 167.) 

674. But let us observe the facts. Ist. Every blacksmith 
knows that a white-hot bar of iron plunged into water requires 
Some time to cool before it yields the least sign of steam. Its 
glowing heat repels the water, and no steam rises until the 
metal becomes black. 2d. The spheroidal state of water is seen 
by the following experiment. Hold a little cup of platina or 
silver foil, or of bright copper, brass or iron, over an alcohol lamp, 
until the metal is red-hot, and then holding it still over the 
flame, with a slip of paper throw a drop of water into the 
heated cup, taking care not to throw in too much. The water 
will instantly take the globular form, and roll about like little 
balls of mercury, remaining for some time without any dimi- 
nution by conversion into steam, though the cup is over the 
blazing alcohol, and red-hot. If now uie cup be removed from 

673. What mtxturei make hydrogen explode 1 How may this be set on fire 1 673 
What is said of the spheroidal state of water 1 674. How may this state of water ha 
exhibited Y 
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the heat, and allowed to cool for a moment, the little spheroids 
will be converted into steam with a minute explosion, affording 
a very curious and interesting experiment, to all who witness it. 

6*! 5. Bemarks, — ^In connection with the spheroidal theory, 
we must connect the account we have given of the explosion of 
the steam-boiler at the Car-factory at Hartford. Now, whoever 
will make the experiments above detailed, and consider that 
the boiler with its flues, at least the three upper ones, each 15 
inches in diameter, might have been to a considerable extent 
naked, and thus exposed to a red heat, will by no means think 
it improbable that the spheroidal state of the water, might have 
resulted in that awful accident. 

It indeed seems highly improbable that the gradual accumu- 
lation of the pressure of steam could have produced the effects 
described, for in cases of such accumulation, experience has 
taught us that there will be a rent or giving way of some weak 
part ^ the boiler, and not such a wide and general destruction 
as would have been the product of the firing of a large quan- 
tity of gun-powder, as was the case in question. (Seep, 201.) 

. «. LOCOMOTIVE. 

676. This word, from the Latin, means "moving from place 
to place," and is applied to steam-engines used on railroads. 

Our limits will only allow a short description of this wonder- 
working machine, which, during the last quarter of a century, 
has been the means, with respect to locomotion, of converting 
days into hours, and weeks into days. 

The principal external parts of a locomotive are indicated by 
the letters on Fig, 168. 

G^YY. The truck wheels, A A, are of cast iron, about two and 
a half feet in diameter, all of them connected by an iron frame, 
in the center of which, the end of the boiler rests on a pivot, so 
as to allow a revolving motion, in order to accommodate the 
engine to short curves in the road. 

678. The boiler, B, which makes the chief bulk of the loco- 
motive, is of rolled iron, about 12 feet long, of great weight, 
and strength, to resist the pressure of the steam. It is put 
together by iron bolts, only an inch or two apart, so as to be 
perfectly steam-tight under the greatest force. 

Above R, is the fire-box, with a door, not shown, for admis- 
sion of the wood. The interior of the boiler is composed of 

675. What reason have we for believing that the Car-factory explosion wai cauied kv 
the spheroidal state of the water 1 
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about 100 copper tubes, through which th«'sraokd and heat 
■paai to the chimney. These tubes are entirely eurrounded by 
water, which the heat emitted by the tub^ as they pass 
through it, converts into steam. 

679. The pump, P, supplies the boiler with water, which it 
takes from the tender, not shown, but which is connected with 
the locomotive, and on which the fuel is carried. In cold 
weather, the waste steam heats this water before it ia admitted 
to the boiler. 

680. The steam-cylinder, C, communicates with the boiler by 
a short pipe, for admission of tiie steam. In this cylinder work) 
the piston, which gives motion lo the engine. 

The cylinder is externally of brass, kept polished in order to 
prevent the radiation of the heat. Its diameter is about 12 
inches, and the movement of the piston 20 inches. This is 
furnished with valves, working in the same manner as those 
already described for the steam-engine. ■ 

The alternate, horizontal motion of the piston, ia so connected 
with the driving-wheels, as to give tham a rotatory motaon, by 
which the engine is moved. 

Geo. DhuiIh Uh lUgiii-cTllnihr, utd lall iu uw 
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681. This is done by means of the connectirhg-rods R, K which 
are jointed to the spokes of the drivers at one end, and to the 
piston-rod I, at the other, thus connecting the force of the steam 
with that part of the engine by which the whole is actuated. 

The immense force which the steam exerts, is shown by the 
power required to draw 20 or 30 cars, loaded with hundreds of 
tons, at the rate of 20 or 30 miles an hour. And yet a single 
locomptive will draw such a load even up an inclined plane. 

682. The driving-wheels, D D, by which the locomotive is 
moved, are of cast iron, with strong wrought iron tire, so as to 
withstand any shock which.it is considered possible to happen, 
since on the strength of these the lives of hundreds of passen- 
gers may depend, as the fracture of one of them may cast the 
engine and entire train from the rails. In diameter they are 
from 5 to 6 feet. 

683. These four wheels are connected together, not only by 
the connecting-rods, but also by a strong iron frame, and by the 
axle-trees which revolve with them, so that the greatest amount 
of adhesion to the rails is obtained. This is a most important 
point in the construction of the engine, since by this means all 
the wheels must act together, thus forming by their adhesion 
to the rails a single fulcrum, acting as a lever of the third kind, 
(319,) of which the spoke of the wheel is the lever, and the pis- 
ton, through the connecting-rods, the power. If therefore, one 
of the wheels slips on the rail, they must all slip, it being this 
connection by which locomotives draw such enormous loads 
over inclined planes. 

684. The lever, L, opens the throttle-valve, by which the 
steam is admitted to the cylinder from the boiler. When the 
engine is to be started, the engineer opens this communication ; 
when the piston begins its alternate motion, the drivers their 
revolutions, and the engine and train their progress. 

686. The reversing-handle, H, acts on machinery for that 
purpose, in such a manner as to reverse the motion of the dri- 
ving-wheels, giving them a backward instead of a forward action 
in a moment. It is used whenever there is danger of a colli- 
sion, or when it is desired to give the engine a reverse move- 
ment on any occasion. 

The spring-balance, N, is connected with a graduated scale by 
which the pressure of the steam is indicated. 

681. What are the connecting-rods 1 683. What are the wheels which give motion 
to the locomotive 1 Why are the driving-wheels made of great strength? 683. Why 
are these foar wheels connected 1 On what principle do these wheels . act 1 684. Des- 
cribe the manner of starting the engine. 685. What is the use of the reversinr 
faaMlel 
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686. The safety-valve lever, S, is connected with a valve, so 
constructed as to open when the pressure is above a certain 
amount, and thus allow the steam to escape. When properly 
adjusted, this may be the means of saving the engine from one 
of the most fearixd of accidents, that of bursting the boiler. 

687. The smoke-pipe^ M, is connected with the fire-box, by 
means of the copper tubes running through the boiler, already 
mentioned. Various contrivances have been invented to arrest 
the sparks which are emitted with the smoke, and which have 
often set fire to bridges and other buildings. For this purpose 
a wire gauze placed across the mouth of the pipe, has been the 
most efficient. 

The engine-frame, F, is made of wrought iron, strongly con- 
nected by rivets, and to which all parts of the locomotive are 
attached, and by which they are combined into a single instru- 
ment, to be moved forward as a great power, by means of which 
hundreds of tons are to follow. 

The valve-box, V, contains the valves of the cylinder, which 
have already been described while treating of the steam-engine. 

The steam-whistle, U, is composed of a cylinder, with peculiar 
internal arrangements, on which the steam from the boiler be- 
ing admitted, by a valve, makes a well-known sound, heard at 
the distance of many miles. By its report, the degrees of press- 
ure of the steam are indicated. 

The slide-valve rod, K, works the valve by which the steam 
IS admitted from the boiler to. the cylinder, and by which the 
piston is moved. 

688. Springs of the Boiler, — ^The boiler rests on steel springs, 
composed of many fiat pieces of difierent lengths, laid one on 
the other, forming a pyramidal pile six or eight inches high, 
and of sufficient strength to bear many tons. By the slight 
motion of these springs, the concussion between tlu engine and 
the rails is prevented, and without which neither would preserve 
its integrity for an hour, under the tremendous shocks the 
weight and motion of the engine sometimes give. • • 

ADHESION TO THE RAlIii. 

689. We have already noticed the necessity of so combining 
the action of the driving-wheels, as to make them form an in- 
dividual fulcrum, by their adhesion to the rails. 

_ ■ 

686. How does the safety-valve act, and for what purpose 1 687. What are th« 
means of arresting sparks from the smoke-pipe 1 688. What is said of the springs on 
which the boiler rests 1 689. Why are the driving-wheels so connected as to fonn an 
individual fulcrum 1 What is the weight of some engines 1 
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On this the motion of the engine, and consequently of the 
whole train depends, and hence the necessity, of the enormouB 
weight of the locomotive. On roads, through hilly sections of 
the country, the weight of the engine is made to correspond to 
the inclination of the grade. Were this not the case, as the 
adhesion depends on the weight, the wheels would revolve with- 
out advancing, and thus the whole train would remain motion- 
less, because the weight, with the inclination, required a greater 
force than the power of the engine. On sucn roads where 
heavy freight trains are to be drawn, the weight of the engine 
sometimes amounts to 40 or 50,000 pounds. 

690. In all cases, the invariable condition must be, that the 
force be greater than the resistance, otherwise no progress will 
be effected ; and as we have already seen, the force depends on 
the adhesion, and this on the weight, so it is obvious that a 
ponderous engine only, will draw a heavy train over a rapid 
mclination. It is estimated that the force of adhesion amounts 
to one-sixth of the weight of the drivers on the rails. 

691. Section of the Boiler. — It has been noticed above, that 
locomotive boilers are furnished with copper tubes, passing from 
the fire-box to the chimney. The ordinary number of these 
tubes is 120, and their diameters about two inches. K larger 
than this they are liable to collapse 
by the pressure of the steam, and if 
smaller, they soon become clogged by 
the soot. 

The end of such a boiler is repre- 
sented by Fig, 169. The fire-boic 
with the grate for fuel, is seen at B, 
above which are the ends of the tubes. 
In Fig, 168, these parts are above R 
A shows the dome, above the fire-box, 
and which forms a part of the boiler, 
being open and containing the steam 
as it is formed. 

692. The steam is conveyed to the 
cvlinders from the large pipe, seen at 
the upper part of the dome, the two 
arrows showing that it is admitted 
ftom all directions. The mouth of 



FIG. 169. 




Fire-Box and Boiler, 



690. What ia said of the proportion between the weight of the engine and the rrade 
of the road 1 What must be the condition with respect to the weight and force 1 What 
is the estimate between the force of adhesion and the weight of the drivers ? 671. Show 
by Fig. 160, the situations of the fire-box, steam-pipe, tubes, and grate. 692. Why is tb« 
mottth of the steam-pipe so high in the dome 1 
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this pipe is thus elevated, in order to avoid the admission of the 
water when in the state of the greatest ebullition. 4 

The fire-box is made of thick, rolled iron, with double walls, 
about three inches apart, the space between them being filled 
with water, so that the fire is surrounded with water, except 
at the door, where the fuel is admitted. 

693. The water is pumped into the side of the fire-box at 0, 
which opens into the boiler. 

The boiler is only about half filled with water, the upper part 
being devoted to steam. 

The boiler is made of thick, rolled iron, strongly riveted to- 
gether, and in the form of a cylinder, being that which best 
resists the pressure of the steam. 

In order to confine the heat, or prevent radiation, boilers are 
covered with wood, in the form of narrow strips of board, over 
which there is a covering of sheet-iron. 

694. Locomotive engines are always on the high-pressure 
principle, because such engines are more simple in structure 
than ihose of low-pressure, the former not requiring the con- 
densing apparatus which is indispensable in the latter. 

EXPLOSION OF A 8TBAM-B0ILBR AT HARTFORD. 

695. One of the most extraordinary steam explosions on 
record, in respect to some of its features, and its consequences, 
took place at the Grove Car-factory in Hartford, Conn., on 
March 2d, 1854. 

The number of persons killed by this explosion was 19; and 
the number wounded in various degrees, some of which died of 
their wounds, was 23. These were all men at work in differ- 
ent parts of the factory, but most of them in the blacksmith's 
shop, which was situated near the boiler. 

For the benefit of the student, we here give %ures showing 
the form and mechanism of the boiler ; the place of the fire 
and chimney, and other particulars, which wUl be learned on 
inspection. 

A longitudinal section of the boiler is represented by Fi^. 
170, the arrows showing the direction of the smoke and heat, 
and by which it will be observed that the fire was made under 
the outside of the shell of the boiler, the heat passing to its 
further extremity, and then returning by the flues, surrounded 
with the water, to the chimney, which was situated at the end 
containing the fire-place. The heat was therefore conununica- 

693. Where is the water admitted to the boiler 1 604. Why are looomotivee on tha 
hi|(h-preuuTe principle 1 
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ted to the water, not only on the outside of the boiler, but »lso 
by means of the flues through tlie middle, this being the com- 
mon method of heating boilers of this kind. 



A cross section of the boiler is shown by Fig. 171, where 
the ends of the five fiues, with the smoke-pipe, leading from 
the boiler to tihe chimney, are represented. This chimney of 
brick, is 125 feet high. The upper three flues are each 10 
inches in diameter, and the two lower ones 12 inches. 

Description of the Buildings. '-^^^The main building of this 
■eat factory was 200 feet long and 60 wide, to which ^ad been 
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added another building 55 feet long, and 24 wide, making this 
range equal to 255 by 84 feet ; the whole of brick, and three 
stories high. This stood north, extending north-east and north- 
west of the boiler. The whole of this building was more or 
less damaged, and the part nearest the boiler, say within 15 or 
20 feet, was thrown down, and entirely demolished. 

Running south of this, and opposite the boiler, being separa- 
ted from it by a brick wall 18 inches thick, was the blacksmith's 
shop, 30 by 40 feet, and two stories high ; and still south of 
this, was the paint shop, 100 feet long and 60 feet wide. 

In addition to these was the carriage-house for storing and 
finishing the cars, but this sustained, when compared to the 
others, but little injury. 

Destruction, — ^AU the buildings described were* more or less 
injured, but the main building nearest the boiler, the smiths' 
shop, and the paint shop, chiefly suiOfered. The force of the 
explosion was such as entirely to demolish the smiths' shop, 
first reducing almost to atoms the 18 inch wall standing be- 
tween it, and the boiler. In this direction, but about 60 feet 
from the boiler, the end wall of the paint shop, beyond the 
smiths' shop was demolished. These were south of the explosion. 

At the north and east end the destruction wr«s Httle less than 
at the south, a part of the walls of the three story main build- 
ing being blown into fragments, and with the others, reduced to 
heaps of rubbish. Such indeed were the effects of this terrible 
explosion, that the most solid brick walls within 40 or 60 feet 
of the boiler did not for an instant resist its force, but were 
broken as though an earthquake had done its work in the 
midst of the building. 

From the above description, it will be seen that a large por- 
tion of one of the most extensive and costly manufacturing 
establishments of the kind in the country, was blown into frag- 
ments by the explosion of a boiler only 24 feet long, and 6 feet 
in diameter. 

No description can convey to the reader any adequate con- 
ception of the horrors of that scene. Almost entire buildings 
of brick, from two to three stories high, with the engines and 
tools of the various mechanical arts, and half finished work, 
lay piled in promiscuous ruin. But of this destruction of prop- 
erty, no notice was taken, for under and about these ruins lay 
the dead, dying, or wounded bodies of more than forty men, 
who a second before the explosion had been in full health and 
in the exercise of all their muscular powers. But of these 
Bcenes we will attempt no further description. 
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Number of men, — The number of workmen employed in the 
various parts of these buildings was about 2*70, at the moment 
of the disaster. But the chief loss of life happened in the 
smiths' shop, nearly all who were there, being either killed 
instantly, or-severely wounded. 

Fragment of the Boiler, — Although the above account shows 
the power of steam in a manner hardly to be conceived, yet 
there was no single circumstance which displayed its effects so 
distinctly and awfully as the fragment of the boiler, an outline 
of which is shown by Fig. 172. This was thrown through the 
roof of the smiths' shop, and then lodged on the roof of the 
paint shop, at the distance of about 200 feet from its starting 
point. • 

FIG. 172. 
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Its length was 15 feet, and its weight 1,220 pounds. The 
smooth, round aperture was the place of admission into the 
boiler, having had a plate of iron opening on the inside as a 
door. 

Force of the Steam, — Perhaps there is no instance on record 
where the power of steam from a boiler of the same dimensions, 
has been equal to that here described ; and it is difficult for 
any one, even after reviewing the consequences as we did, to 
conceive how it could have been possible that the quantity of 
steam contained in that boiler could have produced such tre- 
mendous effects. Indeed, had the whole space been filled with 
gun-powder, and this exploded in an anstant, it is not probable 
that the consequences, with respect to mechanical force, would 
have been so terrible as those here exhibited. 



Semarkg. — Having thus shown the student how stfttionary 
steam-boilers are constructed, together with sufflcient proofs of 
the tremendous power of confined steam, we find that die space 
allotted to this subject has already been occupied, and we can 
only add, that after a careful examination of the remaiae of 
the boiler, our tbeoiy of the cnuse of the explosion is the sphe- 
roidal state of the water, induced by over-heating of the boiler, 
and its being suddenly cooled by the admission of a large 
quantity of water. A statement of this theory is contained 
under " Globular or Spheroidal state of Water." (673.) 



686. This process is employed for the separation of a vola- 
tile substance, from another lesa volatile, l)y means of heat. 
Thus all kinds of spiritous liquors are procured by distillation. 



The spirit itself being the product of fermentation, remains with 
the fermented compound, until separated by heat. Thus brandy 
is procured from wine, and whiKkey from fermented rye, by 
this process. 

OM. EipLun bir Fig. 173, Uu pro«n dT dHtUlBtwo. 
IS 
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607. The apparatus for this purpose is represented by Fiff. 
173. It consists of a copper still, A, placed over a furnace, 
and surmounted with the dome-shaped head, B. The head 
terminates in the bent tube. C, which is continued in the 
coiled tube, D, both made of lead or tin. The coiled tube is 
called the ux>rm, and descends through the cistern E F, opening 
at E, into the vessel, L. The tube H, with the funnel at the 
top, opens into the cistern near the bottom. The tubulure G, 
opens to receive the fermented liquor, and then is stopped. As 
the water is heated by the passage of the distilled spirit through 
the woi-m it rises up, and is discharged at the tube, I. As it is 
necessary for the condensation of the spirit, that the worm 
should be kept cold, a stream of water is directed into the cis- 
tern by the tube opening into H. 

698. Process. — The fermented liquor being introduced into 
the still. A, and fire kindled under it, the spirit rises by means 
of the heat, and being condensed in the worm, is discharged 
into the vessel, L, either by drops, or in a small stream. 



CHAPTER X. 

ACOUSTICS. 



699. Acoustics is that branch of natural philosphy which 
treats of the origin^ propagation^ and effects of sound, 

700. Vibration of Solids. — When a sonorous, or sounding 
body is struck, it is thrown into a tremulous or vibrating mo- 
tion. This motion is communicated to the air which surrounds 
us, and by the air is conveyed to our ear drums, which also 
undergo a vibratory motion, and this last motion throwing the 
auditory nerves into action, we thereby gain the sensation of 
sound. 

If any sounding body of considerable size is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per- 
ceives the sound. 

701. Proof by the Air-Pump. — ^That sound is conveyed to 
the ear by the motion which the sounding body communicates to 

609. What is ncoastics 7 700. When a sonorous body is struck within hearing, in 
what manner do we gn in from it the sensation of sound? 701 How is it proved that 
■ound it conveyed to the ear hv the medium of the air 1 
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the air, is proved by an interesting experi- ^'^- "*• 

ment with the air-pump. 

702. Tbi8 ia done by a little piece of me- 
chaniam shown by J^ig. 174. It consists 
of a block of lead weighing a pound or two, 
info which ia inserted the standard of the 
bell, A. A piec« of wire, also fixed to the 
lead, is bent over the bell at B, to which is 
jointed the handle of a email hammer. At 
half an inch from the joint, the handle 
paaaes through the end of the aliding-rod, 
C, which passes air-tight through the stuffed ^^^ Sau-Ad. 
collar of the glass receiver, D. 

Now, it is obvious, by the figure, that on working the sliciiiig- 
rod by its handle, the hammer will strike the bell, the sound of 
which may be heard to a considerable dietance. But, if the re- 
ceiver be set on the plate of an air-pump, and the air exhausted, 
its sound will become less and less audible, until a vacuum is 
formed, when, although the hammer is made to strike the bell, 
no sound will be heard. The lead should be placed on a piece 
of cotton batting, so as not to transmit the sound through the 
Holid on which it stands. 



703. On the contrary, when the air is more dense than ordi- 
nary, or when a greater quantity is contained in a vessel than 
in the same apace in the open air, the effect of sound on the 
ear is increased. This is illustrated by the use of the diving- 
bell. 

The diving-bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose of ob- 
taining articles from the wrecks of vessels. When this machine 
ia sunk to any considerable depth, the water above, by its pres- 
sure, condenses the ^r under it with great force. In this situa- 
tion, a whisper is as loud as a common voice in the open air, 
and an ordinary voice becomes painful to the ear. 

704. Sfects in High Places. — Again, on the tops of high 
mountains, where the pressure or density of the air is much less 
than on the surface of the earth, the report of a pistol ia heard 
only a few rods, and the human voice is bo weak as to be in- 
audible at ordinary distances. 






iSk* sound ; 7U4. Wbit ii Hid at the^^gU 
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Thus, the atmosphere which surrounds us is the medium by 
which sounds are conveyed to our ears, and, to its vibrations we 
are indebted for the sense of hearing, as well as for all we enjoy 
from the charms of music 

705. Solids conduct Sound, — ^The atmosphere, though the 
most common, is not, however, the only or the best conductor 
of sound. Solid bodies conduct sound better than elastic fluids. 
Hence, i^ a person lay his ear on a long stick of timber, the 
scratch of a pin may be heard &om the other end, which could 
not be perceived through the air. 

706. The Earth conducts Sound, — The earth conducts loud 
rum1:)ling sounds made below its surface to great distances. 
Thus, it is said, that, in countries where volcanoes exist, the 
rumbling noise which generally precedes an eruption is heard 
first by the beasts of the field, because their ears are commonly 
near the ground, and that, by their agitation and alarm, they 
give warning of its approach to the inhabitants. 

707. The Indians of our country, by laying their ears on the 
ground, will discover the approach of horses or men when they 
are at such distances as not to be heard in any other manner. 

708. Velocity of Sound, — Sound is propagated through the 
air at the rate of 1,142 feet in a second of time. When com- 
pared with the velocity of light, it, therefore, moves but slowly. 
Any one may be convinced of this by watching the discharge 
of cannon at a distance. The flash is seen apparently at the 
instant the gunner touches fire to the powder ; the whizzing of 
the ball, if the ear is in its direction, is next heard, and, lastly, 
the report. 

709. BioVs Experiment, — Solid substances convey sounds 
with greater velocity than air, as is proved by the following ex- 
periment, made at Paris, by M. Biot : — 

At the exti'emity of a cylindrical tube, upward of 3,000 feet 
long, a ring of metal was placed, of the same diameter as the 
aperture of the tube ; and, in the center of this ring, in the 
mouth of the tube, was suspended a clock-bell and hammer. 
The hammer was made to strike the ring and the bell at the 
same instant, so that the sound of the ring would be transmitted 
to the remote end of the tube, through the conducting power of 
the tube itself, while the sound of the bell would be transmitted 
through the medium of the air inclosed in the tube. The ear 

705. Which are the best cooductora of sound, solid or elastic' sobstaiMes ? 706. What 
is laid of the earth as a cooductor of sounds') 707. How is it said that the Indians di»- 
cover the approach of horses 1 708. How fast does sound pas* through the air 1 What 
is said of the firing of cannon with respect to sound ? 709. Which convey sounds with 
t]ie greatest velocity, solid substances or airl 
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being then placed at the remote end of the tube, the sound of 
the ring, transmitted by the metal of the tube, was first heard 
distinctly, and, after a short interval had elapsed, the sound of 
the bell, transmitted by the air in the tube, was heard. The 
result of several experiments was, that the metal conducted the 
sound at the rate of about 11,865 feet per second, which is 
about ten and a half times the velocity with which it is con- 
ducted by the air. 

YlO. Sound Rejlected, — Sound moves forward in straight 
lines, and, in this respect, follows the same laws as moving 
bodies and light. It also follows the same laws in being reflect- 
ed, or thrown back, when it strikes a solid or reflecting surface. 

711. Echo. — ^If the surface be smooth, and of considerable 
dimensions, the sound will be reflected, and an echo will be 
heard ; but, if the surface is very irregular, soft, or small, no 
such eflfect will be produced. 

In order to hear the echo, the ear must be placed in a certain 
direction, in respect to the point where the sound is produced, 
and the reflecting surface. 

If a sound be produced at A, Fig. 175, and strike the plane 
surface, B, it will be reflected back in the same line, and the 
echo will be heard at C or A. That is, the angle under which 
it approaches the reflecting surface, and that under which it 
leaves it, will be equal. 

712. Whether the sound strikes the reflecting sur&ce at right 
angles, or obliquely, the angle of approach and the angle of re- 
flection will always be the same and equal. 

This is iUustrated by Fig, 176, where, suppose a pistol to be 
fired at A, while the reflecting surface is at ; then, the echo 
will be heard at B, the angles % and 1 being equal to each 
other. 

713. Reverberation of Sound, — If a sound be emitted be- 
tween two reflecting surfaces, parallel to each other, it will re- 
verberate, or be answered backward and forward several times. 

Thus, if the sound be made at A, Fig, 177, it will not only 
rebound back again to A, but will also be reflected from the 
points C and D ; and, were such reflecting surfaces placed at 
every point around a circle from A, the sound would be thrown 
back from them all, at the same instant, and would meet again 
at the point A. 

We shall «ee, under the article Optics, that light observes ex 



709. Describe the experiment proving that sound is conducted by a metal with ^ 

velocity than bv the air. 710. In what lines does sound move 1 712. Explain Fig. 178b 
and show in woat direction sound approaches and leaves a reflecting surface. 

18* 
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FIG. 117. 



Echo, 




R€v§rberaUon, 



FIG. 176. 




FIG. 178. 



R^leetion of Sound. 

actly the same law in respect to its reflection from plane surfaces, 
and that the angle at which it strikes is called the angle of inci- 
cenc€y and that under which it leaves the reflecting surface is 
called the angle of reflection. The same terms are employed in 
respect to sound. 

714. Reflection in a Circle. — In a circle, sound is reflected 
from every plane surface placed around it ; and, hence, if the 
sound is emitted from the center of a circle, this center will be 
the point at which the echo will be most distinct. 

Suppose the ear to be placed at 
the point A, Mg, 178, in tbe cen- 
ter of a circle ; and, let a sound be 
produced at the same point, then it 
will move along the line A £, and 
be reflected from the plane surface, 
back on the same line, to A ; and, 
this will take place from all the plane 
surfaces placed around the circum- 
ference of a circle ; and, as all these 
surfaces are at the same distance 
from the center, so the reflected 
sound will arrive at the point A, at Reflection in a Oreio. 

713. What is the angle ander which sound striks a reflecting surface called ? What is 
the angle under which it leaves a reflecting surftiee called 1 Is there any difference in the 
quantity «f these two angles 1 714. Suppose a pistol to be ficed in tiie center of a circa 
Itr room, where would be the echo? 
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the same instant ; and the echo will be loud in proportion to 
the number and perfection of these reflecting surfaces. 

715. Whispbrino Gallery. — ^It is apparent that the auditor, 
in this case, must be placed in the center, from which the sound 
proceeds, to receive the greatest effect. But, if the shape of the 
room be oval or ellipticsd, the sound may be made in one part, 
and the echo will be heard in another part, because the ellipse 
has two points, called foci, at one of which, the sound being 
produced, it will be concentrated in the other. 

Suppose a sound to be produced at A, 
Fig. 179, it will be reflected from the ^^- ^^' 

sides of the room, the angles of incidence 
being equal to those of reflection, and 
will be concentrated at B. Hence, a 
hearer, standing at B, will be affected by 
the united rays of sound from different 
parts of the room, so that a whisper at 
A will become audible at B, when it 
would not be heard in any other part of 
the room. Were the sides of the room 
lined with a polished metal, the rap of 

light or heat would be concentrated in 

the same manner. whispering Oaiurf. 

The reason of this will be understood 
when we consider that an ear, placed at C, will receive only one 
ray of the sound proceeding from A, while, if placed at B, it 
will receive the rays from all parts of the room. Such a room, 
whether constructed by design or accident, would be a whisper' 
ing gallery. 

716. Successive Reflections of Sound. — Several reflecting 
surfaces may be so situated in respect to distance and direction, 
that a sound, proceeding from a certain f)oint, will be reflected, 
first from one surface, and then from anoAer, at a little distance, 
afterward from a third, and so on ; or, it may be reflected from 
the first surface to the second, and from the second to the third, 
and from this to a fourth, and so on, even, it is said, to the 
number of eight or ten. 

717. According to the distance at which the speaker stands, 
a reflecting surfiace will return the echo of several, or of fewer 
syllables ; for, in order to avoid conftision, all the syllables must 
be uttered before the echo of the first syllable reaches the ear. 

715. Explain Fig. 179, and give the reason. Suppose a sound to be produced in one of 
the foci of an elinse, where then might it be most distinctly heard 1 716. What number 
of eohoet are saia to happen from Ine sound 1 717. How many syllables are pronounced 
in a second 1 
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In a moderate way of speaking, about 3-J- syllables are pro- 
nounced in one second, or seven syllables in two seconds. 
Therefore, when an echo repeats seven syllables, the reflecting 
surface is 1,142 feet distant ; for, sound travels at the rate of 
1,142 feet per second, and the distance from the speaker to the 
reflecting object, and again from the latter to the former, is 
twice 1,142 feet. When the echo returns 14 syllables, the re- 
flecting object must be 2,284 feet distant, and so on. 

718. It is stated that a famous echo in Woodstock, (Eng- 
land,) repeats seventeen syllables in the day, and twenty in the 
night ; and, on the north side of Shepley church, in Sussex, it 
is said that an echo repeats distinctly, under favorable circum- 
stances, twenty-one syllables. 

719. Effects of Surface, — ^^On a smooth surface, the rays, or 
pulses of sound, will pass with less impediment than on a rough 
one. For this reason, persons can talk to each other on the 
opposite sides of a river, when they could not be understood at 
the same distance over the land. The report of a cannon at 
sea, when the water is smooth, may be heard at a great distance ; 
but, if the sea is rough, even without wind, the soun^ will be 
broken, and will reach only half as far. 

EEFLECTION BT MIRRORS. x 

In some traveling exhibitions, the principle in question has 
been made a matter of curious and interesting entertainment. 
Two persons placed themselves, back to back, opposite two large 
concave mirrors of brass, when, upon one of them speaking in 
a whisper, with his lips in the focus, as seen by Fig. 180, the 
sound would pass from his mouth to the mirror near, and thence 

FIG. 180. 



Reflection by Mirrors. 



717. When an echo repeats seven syllables, how far off is the reflecting surface 1 Ex-, 
vlain this. 718. How many syllables is it said some echoes repeat 1 719. Why is it that 
persons can converse on the opposite sides of a river, when they could not hear each other 
at the same distance over the land 1 Explain Fig. 180, and show why a sound may be 
^*mxd only at two points. 
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be reflected back in parallel lines to the opposite distant mirror, 
and then the whisper, reaching the focus of that mirror, would 
be distinctly heard by the other person, with his ear in the focus. 
The singular and curious part of this exhibition is, that a person 
standing any where between the mirrors, but out of the focus, 
would not be aware of any sound whatever. 

720. Musical Instruments. — The strings of musica^ instru- 
ments are elastic cords, which being fixed at each end, prodtLce 
sounds by vibrating in the middle. 

The string of a violin or piano, when pulled to one side by 
its middle and let go, vibrates backward and forward, like a 
pendulum, and striking rapidly against the air, produces tones, 
which are grave, or acute, according to its tension, size, or 
length. 

721. The manner fig. isi. 

in which such a ^■ 

string vibrates is 
shown by Fig, 181. 

If pulled from E 
to A, it will not stpp 

again at E; but, in Musical striii! 

passing from A to E, 
it will gain a momentum which will carry it to C, and, in re- 
turning, its momentum will again carry it to D, and so on, back- 
ward and forward, like a pendulum, until its tension and the re- 
sistance of the air will finally bring it to rest 

722. Tones depend on Size and Tension, — ^The grave or 
sharp tones of the same string depend on its different degrees 
of tension ; hence, if a string be struck, and, while vibrating, 
its tension be increased, its tone will be changed from a lower 
to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to produce a variety of sounds, by 
making some larger than others, and giving them different 
degrees of tension. The violin and bass viol are familiar ex- 
amples of this. The low, or bass strings, are covered with 
metallic wire, in order to make their magnitude and weight 
prevent their vibration from being too rapid, and thus they are 
made to give deep or grave tones. The other strings are di- 
minished in thickness, and increased in tension, so as to make 
them produce a greater number of vibrations in a given time, 
and thus their tones become sharp or acute in proportion. 

790. How do the striagt of mutioal instrument^piOfduce touDdal 731. Explain Fig. 181. 
19St. On what do the grave or aeute tones of the same string depend 1 Why are the ban 
ikringi of initninienti eorered with metallic wire 1 
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723. .z£oLiAN Harp. — ^Under certain circumstances, a long 
string will divide itself into halves, thirds, or quarters, without 
depressing any part of it, and thus give several harmonious 
tones at the same time. 
The fairy tones of the JSolian harp, Fig, 1 82, are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or five strings, two or three feet long, fastened at 
each end. These are tuned in unison, so that when made to 
vibrate with force, they produce the same tones. But when 
suspended in a gentle breeze, each string, according to the 
manner or force in which it receives the blast, either sounds, as 
a whole, or is divided into several parts, as above described. 
The result of which, is the production of the most pleasing 
coiobination and succession of sounds, that the ear ever 
listened to or fancy perhaps conceived. After a pause, this 
fairy harp is often heard beginning with a low and solemn 
note, like the bass of distant music in the sky ; the sound then 
swells as if approaching, and other tones break forth, mingling 
with the first, and with each other. 

F16. 182. 




J^Mian Harp. 



724. The manner in which a string vibrates in parts, will be 
undei'stood by Fig, 183. 

Suppose the whole length of the string to be from A to B, 
and that it is ^xq^ at these two points. The portion from B to 
0, vibrates as though it was fixed at 0, and its tone differs 
from those of the other parts of the strings The same happens 
from C to D, and from D to A. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part C, or D, it 

733. Why it there a variety of tones in the .£oliaii barp, since all the strings are tuned 
in nniion Y 724. Explain Fig. 182, showing the manner in which strings Tibiata io 
parts. 
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FIG. 183. 




JEolian Harp. 

will remain, but if placed on any other part of the string, it will 
be shaken off. 

726. MoNOCHORD. — An instrument called monochord " single 
'string/' or sonometer " sound measurer/' is used to determine 
the number and theory of musical vibrations, as applied to 
stringed instruments. It consists of a wooden box, several feet 
in length, 1, 2, Fig, 184. At A, a catgut or metallic strfhg is 
fastened, which passing over the bridges, B and C, and then 
over the roller, D, has a weight suspended for its tension at E. 

FIG. 184. 




JUonoehord, 

The bridge, C, is attached to a scale, on which it moves, so 
that the string can be shortened at pleasure. There is also 
provided a number of leaden weights, haviljg slits to the center, 
to be slipped on the string, and by which its tension can be in 
creased or diminished. 

V26. 3y means of the monochord, many curious and im- 
portant inferences, with respect to stringed instruments have 
been drawn. We e^trtwt from MuUer a few of the most im- 
portant of these laws. 

7 2 7. The number of vibrations of a string, is inversely as its 
length. 

If the string of any instrument' makes a given number of vi- 
brations in a certain time, it would make in the same time, 2, 

725. What is the meaning of mooochord, and what ib use ? Describe the mooochonL 
737. To what is the number of vibrations of a string proportioned 1 
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3, or 4 times as many vibrations, if, with the same tension, we 
let only i, -t, or -J- of its length vibrate, and so in these propor- 
tions, whether it be made longer or shorter. 

728. The number of vibrations of a string is proportional to 
the square root of its stretchiftg weighty or its tension. 
Thus, if the tension of a given length of string be equal to 

4, 9, or 16, then the velocity of its vibrations will be 2, 3, or 4 
times as great 

V29. The number of vibrations of different strings, of the 
same substance, is inversely as their thickness. 

If we take two steel wires of equal length, whose diameters 
are as 1 and 2, then with the same tension, 1 will make twice 
as many vibrations as 2 in the same time. 

730. Capacity of the Human Ear. — From Prof. Hoblyn's, 
London edition of this work, we add the following : " The 
capacity of the human ear for appreciating the vibrations of a 
sonorous body, is restricted within certain limits. It has been 
proved by experiment, that the lowest note we are capable of 
perceiving, is that produced by a body performing 32 half 
vibrations, or 16 impulses, in one second of time; and the 
highest, that which is performed by 16,000 impulses in the 
same time. It is stated, however, that a finely attuned ear is 
capable of appreciating, as a distinct sound, a kind of hissing 
noise, occasioned by 48,000 half vibrations, or 24,000 impulses 
in a second of time." 

WIND INSTRUMENTS. 

731. In stringed instruments, we have seen that the sounds 
are produced by the vibration of stretched cords on the air. 

In musical pipes the tones are produced, in part, by the 
passage of the air through apertures of various forms, and in 
part by the vibration of the pipes themselves. 

732. Organ Pipes. — The most complicated, important, and 
costly instrument is the organ. This, indeed, emb»a<5es in its 
structure, nearly every kiibwn wind instrument, and 'therefore, 
may be considered as a collection of s«oh*instruments, each of 
which may be played separately, or,- when' great power is re-- 
quired, several may be played in unison. 

733. Stops. — ^A stop consists of a rank of pipes on a uniform 
model. Some are only treble, and others only bass stops. In 

^ 7S8. How doe« tension alfect the vibrations ? 739. How does thickness affect yibm- 
tions 1 730. What is said of the capacity of the ear to appreciate sounds 1 731. How are 
tfie tones in the musical pipes produced 1 732. What instruments does the orgfan embrace 1 
T33. What is meant by a stop ? 



ffeneral, however, a atop includes the pipes belonging to each 
iDBtrument, as the Flute, Trumpet, Hautboy, and Dulciana 

'734. The Dtapasoa (which means througli "0- I6s 

all) is the principal stop. And on this all tiis 
other stops are founded, or are made to corres- 

135. Flue atid Seed .Stops.— This is the 
great division of the whole organ, and depends 
on the mechanism bj which the tones are pro- 
duced, every organ in this respect, having only 
two stops, or sorts of pipes, however numerous 
the individual stops may be. 

736. Mw Pipes. — These consist of tie body 
or tube, B, Fig. 185, and the foot, P, between 
which there is a diaphragm or partition, having 
a narrow, transverse aperture to emit the wind 
from the bellows, as shown by the figure. 

Over this aperture is a sharp ed^ called the n<up^ 

upper hp, against which the wind is forced, 

and by whQi the sound is produced, and fig. laa. 

which is modified by the size and form of the 

pipe. 

737. Chestnul WhiatU. — The chestnut or 
willow whistle, made by every lad in the 
oountry, is a good illustration of the flue organ 
pipe, the construction of both, being preciwly 
on the same principle, 

738. Reed Pipes. — These differ fi-om the 
above, in having a piece of thin brass, or other 
metal, placed in the mouth of the pipe, and called 
the tongue, the vibration of which produces the 
sound. The toogue is fastened to a cylindrical 
piece of metal between C C, Fig. 180, which 
is called the block. The dotted lines C, show 

the tuning wire, which passes throsgh the UttdPve. 

block, and by the sliding of which, up and 
down, the tones are van^, the pitch becoming flat or sharp, 
as the tongue is made long or short 

The reed pipes are generally of metal, the bod}' of which is 
shown by A B. 

734. Whil ii Hid at the diipnioii itnpl 73S. lata ■wbuttarah (ba eitin OTiin diiiiMI 
738, Sbolr bjFif. lS5.tbe nnilmoliiin of ths flni pip«. T37. W\M It lud U b* ■(Odd 
iUiatrUlon af thsK pipsi 738, Dwsribe lh« pudofimd pipi Dy Fif, IM. 
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739 Strticturt of the Pipes, — ^The large pipes are commoD- 
ly made of wood, and are square in form, though some wood 
pipes are only a few inches long. The largest of thes^ pipes 
are 32 feet long and 15 inches in diameter. 

740. The metal pipes are in the form of a cone or cylinder, 
most of the smaller ones being of these forms and substance. 
In a few instances, metallic pipes of immense size and weight 
have been constructed. 

The largest ever made, is at Birmingham, England, which is 
32 feet loDg and 24 inches in diameter. It is of zinc, in form 
of a cylinder, standing in front of all the other pipes. 

741. Tuning the Organ, — ^The pipes are tuned by various 
means, depending on their forms ; Uie substance of which they 
are 'made, and whether they are open or stopped. 

742. Stopped wooden pipes are tuned by a pompion, or 
stopper, which is of wood, covered with leather, exactly fitting 
the end, and which is drawn up, or pusned down, to make the 
tones more grave or sharp. 

The stopped metal pipes, have a cap on the top, and by the 
movement of which, they are tuned on the same principle as 
those of wood. In some cases, stopped metallic pipes are tuned 
by means of ears on each side of the mouth, by the bending of 
which, the tones are varied. 

Open metal pipes are tuned by a wooden instrument, one 
end of which is a solid cone, and the other a hollow cone. By 
this, the tops of the pipes are expanded by introducing the 
solid end, to make the pitch sharper^ and contracted by the 
hollow cone, to make the pitch flatter, ^ 

The reed pipes, as already noticed, are tuned by the motions 
of the tuning wire. 

Reed Pipes vary with the Temperature, — ^The tongues of 
these pipes vary in length by heat and cold, and hence their 
tones change, for the same reason that the clock goes faster in 
winter than in summer, as explained, 283. It is probably on 
this account that organists find difficulty in keeping these stops 
in tune. 

743. Antiquity of the Organ'.— ^The earliest account of 
aay instrument similar to the organ, occurs in the Tenth Book 
of Vitruvius, a Greek writer, who lived a century before the 
Christian era. This was moved by water, and hence was 
called a hydraulicon, 

739. What it said of the ttraotara of these _pipes 1 740. Of what lixe are the laraeit or- 
fan pipe* 1 741. How are the pipes tuned 1 743. How are the stopped pipes toned ? How 
•re the open pipes taned 1 What is said of the influenee of temperature on the reed 
pipes Y 743. What is said of the aatiqaitj of the oifaq 1 
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The first organ spoken of in France, was of Greek construc- 
tion, and was sent to King Pepin^ the father of Charlemagne, 
by the Emperor Constantine, about A. D. 7 67. This was 
moved by wind. 

The first of any size known in England, was that of Win- 
chester Cathedra], in 951. This had 26 pairs of bellows, which 
it required 70 men to work. It had 10 keys, and 40 pipes to 
each key. 

Notwithstanding the antiquity of this invention, it was not 
until after the Reformation that any great improvements were 
made in this instrument. Even so late as 1660, only four 
organ builders were to be found in Great Britain. 

This instrument, in our country, was unknown to the com- 
mon people a century ago ; and at the time of our revolution, 
comparatively few persons, except in large cities, had ever 
heard an organ. It » hardly necessary to add, that the organ, 
as it now exists, is an entirely different instrument from that so 
called only fifty years ago, and that, at present, no village 
having a church of any pretensions, is without an organ. 

LARGE ORGANS. 

744. Perhaps we can not gratify our readers, more than to 
add short notices of a few of the largest organs in the world. 

Haarlem O^gan, — This has long been the most celebrated 
of organs. It- was built in 1638, at the cost of $60,000. The 
case is 108 feet high by 50 feet wide. It has 60 stops ; 12 
pair of bellows ; 4 rows of keys ; 5,000 pipes, of which two are 
32 feet long and 15 inches wide. The fee for hearing the 
whole is $5. 

Freyhurg Organ^ in Switzerland. — It is said that no instru- 
ment ever was, or ever will be built like this ; the artist, Moser, 
refusing to build another, and no one being allowed to see the 
interior. The wonder^ and the secret, with respect to this 
organ, is in its having a stop, the tones of which are so exactly 
like thos« of the human voice, that visitors mistake it for a 
large choir of singers. It has 68 stops and 4 rows of keys. 

Music ffally Edinburgh, Organ, — This immense instrument 
has 82 stops, 4 rows of keys, 1 wooden pipe of 32 feet, and 
several of metal of 16 feet in length. 

Hamburgh Organ. — ^This organ, in St Michael's Church, was 
built in 1762, and cost more than $20,000. It has 4 rows of 
keys; three pipes of 32 feet, and nine of 16 feet; 10 wind 
chests, and 10 pair of bellows. The pipes of the large pedal 
stop are of pure tin, highly polished, and placed in front 
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HfTie Weingarten Organ, — ^This is in the Benedictine Monas- 
tery, in Soabia, and was built about 1750. It has 4 rows of 
kejs, 3 pipes of 32 feet, 4 of 16 feet, and 4 unisons. It has, 
in the whole, 6,666 pipes; namely, in the great organ, 2,176; 
in the choir, h^^^j ^^ ^^ third organ, 1,274 ; in the echo or^ 
gan, 1,225 ; and in ih^ pedal organ, 815. 

Berlin Organ, — ^This organ, at Berlin, Prussia, was designed 
to be the largest in the world, and to contain 150 stops, and 6 
rows of keys, besides the pedals, but it remains unfinished. 

Baltimore Cathedral Organ, — ^This is said to be the largest 
in the United States. It has 36 stops and 2,213 pipes, the 
largest being 32 feet long. 



HARMONICON. 



This is a musical instrument invented by Dr. Franklin, though 
it has been much improved since his day. 



FlO. 187. 
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HoTViowicon, 



It consists of a number of glass gobbets of different sizes, and 
80 attuned to each other as to form the hormonic scale. % '^ 

They are firmly fastened to the bottom of a box, their tones 
being so nicely adapted to the scale, by the artist who constructs 
them, as to need no tuning, though one or two of them con- 
tain water as a convenience. 

They are played by touching the edges with the wet finger, 
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and their tones may be prolonged, and made to swell or dimin- 
ish, like those of the violin. 

JPerhaps no music, to which the human ear has ever listened, 
is equal in sweetness, delicacy, and smoothness, to this. No one 
can hear it without a thrill of delight, nor, for the first time, 
without astonishment. It is, indeed, an ^^lian harp under 
command of the artist. 

The arrangement and comparative sizes of the goblets are 
shown by Mg, 187, which presents the natural key, or*0 
nu^or. • 

The goblets hold from a quart to half-a-pint, and their tones 
depend, in part, upon their capacity, and, in part^ upon the 
weight or thickness. 

The instrument here represented, is capable of producing all 
the tones of the most common and simple melodies. 

We are told that Mr. Francis H. Smith, of Baltimore, fhm- 
ifihes Harmonicons, put up in boxes, at various prices, from 18 
to 85 dollars. 
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746. When a jet of hydrogen, passing through a 
minute orifice, is burned, and a glass tube of an inch 
or more. Fig, 188, in diameter, is held so as to in- 
clude it, musical tones of the most suprising 
sweetness are produced, and may be varied by 
moving the tube up and down, so ^ to become, 
at pleasure, so low and soft as hardly to be heard, 
and then, again, so loud as to be heard in all di- 
rections. In reference to these tones, a lover of 
music says : **In truth, the air of the apartment is, 
as it were, filled with divine discourse, and, in 
wonderment, the eyes search all around for the 
cause and part from wS^nee issue these sweet 
sounds." 




Mfdrtgui Burner 



ATHdS^Kp^RlO PHICNOMBWA. 

746. The term atmosphere is from two Greek; words, which 
lAgmfy^apor and ephere. It Is the air w&ich surrounds the 
earth to the height of forty-five miles, and is essential to the 
lives of all animals, and the production of all vegetables. 

All meteorological phenomena, with which we are acquainted, 

746. What* is the atmosphere 1 How high does the atmosphere extend 1 What phe 
nomena mentioned depend on the atmosphere 1 

19* 
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depend chiefly, if not entirely, on the influence of the atmos- 
phere. Fogs, winds, rain, dew, hail, snow, thunder, lightning, 
electricity, sound, and a variety of other phenomena of daily 
occurrence, belong to the atmosphere. We have, however, only 
room for the most common result of atmosphenc changes. 
Wind and Bain. 

WIND. 

447. Wind is nothing more than air in motion. The tise 
of a fan in warm weather only serves to motf^ the air, ojid thus 
to make a little breeze about the person tising it. 

As a natural phenomenon, that motion of the air whioh we 
call wind, is produced in consequence of there being a greater 
degree of heat in one place than in another. The air thus 
heated, rises upward, while, that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact that, during the 
burning of a house in a calm night, the motion of the air to- 
ward the place where it is thus rarefied, makes the wind blow 
from every point toward the flame. 

748. Sea and Land Breeze.-^-On islands, situated in hot 
climates, this principle is charmingly illustrated. The land, 
during the day-time, being under the rays of a tropical sun, 
becomes heated in a greater degree than the surrounding ocean, 
and, consequently, there rises from the land a stream of warm 
air, during the day, while the cooler air from the surface of the 
water, moving forward to supply this partial vacancy, produces, 
a cool breeze setting inland on all sides of the island. This 
constitutes the sea breeze^ which is so delightful to the inhabit- 
ants of those hot countries, and, without which, men could 
hardly exist in some of the most luxuriant islands between the 
tropics. 

During the night, the motion of the air is reversed, because 
the earth, being heated superficially, soon cools when the sun is 
absent, while the water, being warmed several feet below its 
surface, retains its heat longer. 

Consequently, toward morning, the earth becomes colder than 
the water, and the air, sinking down upon it, seeks an equilibri- 
um, by flowing outward, like rays from a center, and, thus, the 
land breeze is produced. 

The wind then continues to blow from the land until the 

747. What is wind 1 As a natural phenomenon, how is wind produced ; or, what ii 
the cause of wind? How is this illustrated ? 748. In the islands of hot olimates, why 
does the wind blow inland during the day, and off the land during the night 1 What are 
these breezee oalled 1 
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FIG. 189. 



equilibrium is restored, or until the morning sun makes the land 
of the same temperature as the water, when, for a time, there 
will be a dead calm. Then, again, the land becoming warmer 
than the water, the sea breeze returns, as before ; and, thus, the 
inhabitants of those sultry climates are constantly refreshed, dur- 
ing the summer season, with alternate land and sea breezes. 

749. Trade Winds. — At the equator^ which is a part of the 
earth continually under the heat of a burning sun, the air is 
expanded, and a^scends upwo/rd, so as to produce currents from 
the north and souih, which move forward to supply the place of 
the heated air as it rises. 

These two currents, coming from latitudes where the daily 
motion of the earth is less than at the equator, do not obtain 
its full rate of motion, and, therefore, when they approach the 
eqnator, do not move so fast eastward as that portion of the 
earth, by the difference between the equator's velocity, and that 
of the latitudes from which they come. This wind, therefore, 
falls behind the earth in her diurnal motion, and consequently 
has a relative motion toward the west. This constant breeze 
tdward the west is called the trade-unnd, because a large por- 
tion of the commerce of nations comes 
within its influence. 

750. Counter Currents. — While 
the air in the lower regions of the 
atmosphere is thus constantly flowing 
from the north and south toward the 
equator, and forming the trade-winds 
between the tropics^ the heated air 
from these regions as perpetually 
rises, and forms a counter current 
through the higher regions, toward 
the north and south, from the tropics, 
thus restoring the equilibrium. 

751. Illustration by a Door, — 
This counter motion of the air in the 
upper and lower regions, is illustrated 
by a very simple experiment. Open 
a door- a few inches, leading into a 
heated room, and hold a lighted 
candle at the top of the passage ; the 

749. What is said of the ascent of heated air at the equator 1 What is the oonseauenoe 
on the air toward the north and south 1 How are the trade-winds formed 1 750. White 
the air in the lower regions flows from the north and south toward the equator, in what 
direction does it flow in the higher regions t 751. How is this counter current m lower 
and upper regions illustrated by a simple experiment ? 
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cnrrent of air, as indicated by the direction of the flame, will 
be out of the room. Then, set the candle on the floor, and it 
will show that the current is there into the room. Thus, while 
the heated air rises and passes out of the room, at the same 
time, that which is colder flows in, along the floor, to take its 
place. See I^^. 189. 

This explains the reason why our feet are apt to sufler with 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable. It also explains why those who 
sit in the gallery of a church are sufficiently warm, while those 
who sit below may be shivering with the cold. 

152. From such facts, showing the tendency of heated air to 
ascend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
perpetually from the north and south toward the tropics ; for, 
the air being heated, as stated above, it ascends, and then flows 
north and south, toward the poles, until, growing cold, it sinks 
down, and again flows toward the equator. 

Perhaps these opposite motions of the two currents will be 
better understood by the sketch. Fig, 190. 
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C ?• opposite Currents of Air. 



Suppose A B C to represent a portion of the earth's surface, 
A being toward the north pole, toward the south pole, and 
B, the equator. The currents of air are supposed to pass in the 
direction of the arrows. The wind, therefore, from A to B, 
would blow on the surface of the earth, from north to south, 
while, from E to A, the upper current would pass from south to 
north, until it came to A, when it would change its direction 
toward the south. The currents in the southern hemisphere, 
being governed by the same laws, would assume similar di- 
rections. 

75S. What common fact does this experiment illustrate 1 Explain Fig. ]90, and show 
which way the air passes. 



16S. The velodly of atrial moTements amoont, According to 
fiuthors, from to upwards of 100 milea an hour ; but, the maz- 
imum 18 variously stated by di^rent experimenlH, nor do we 
Bee how any great degree irf accuracy can be attained on this 
point The best method is to deduce the velocity by the force 
of wind ; which is done by an instrument invented for that pur- 
pose by Dr. Lind, a figure of which we here insert 

754. Anbhoubtbr, or Wind MsAsnitBR. — It consiats of a 
glass tube, Fiff. ISl, bent into the form of the letter U, and 
open at both ends. The upper end of B ia 

bent to the horizontal direction, and is '™- ^•i- 

widebed at the mouth for the purpose ot 
receiving the wind. The tube being partly 
filled with water, and exposed to a carrent 
of air, the fluid is depressed in that, and of 
course rises in the other leg of the tube. 

As the water is on a level in both branches 
when the air ia etill, if it is depressed to B 
on one side, it must rise to C on the other, 
the amount of rise, and consequently the 
degree of force, being measured by a grad- 
uated scale. Now, as the pressure of water tnmtmttn- 
is as its height, the rise in the tube will not 
be in direct proportion to the force of the wind, but the velodty 
of the wind will be in the ratio of the square root of the reriet- 
snce. The tube is diminished at the base to check the nndiila- 
lions of the water, 

755. By this instrument it is found that the following popu- 
lar expreasiona with respect to aerial currents, are indicated on 
the B<^e as here expressed. 

VthMj of tba Wind in mflci pgi houi. Com. sppglktioa of tbe tone of Wind. 

] . . . Hardly perceptible. 

4 Gentle breeze. 

6 Pleasant wind. 

10 Brisk wind. 

15 Very brisk wind. 

20 High wind! 

30 Very high wind. 

40 A storm. 

60 A hard storm. 

TM. WhUHtba nuntoTUMlHtnuiMiitwIiiclimuiiinaUHlsntor viBdl Howli 
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60 A great stoim. 

80 • Anurricane. 

100 A violent hurricane. 



RAIN. 



756. JRain is falling water in the form of drops. It appears 
to result from the meeting of two clouds of different tempera- 
tures. 

In explaining the theory of rain, it must be understood that 
warm «a has a greater capacity for moisture than cold. It is 
also ascertained that this capacity increases at a much faster 
ratio than the increase of temperature itself; and, hence, it 
follows, that if two clouds, at different temperatures, completely 
saturated, meet and mingle together, a precipitation of moisture 
must take place in consequence of the mixture. This would 
result from the iact that the warmest cloud contained a greater 
portion of moisture than is indicated by its temperature, as 
stated above, while the mixture would form a mean temperature, 
but the mean quantity of vapor could not be retained, since the 
sum of their capacities for vapor would thus be diminished. 

757. Suppose for example, that at the temperature of 15 de- 
grees, air can hold 200 parts of moisture ; then at 30 degrees 
it would hold 400 parts, and at 45 degrees 800 parts. Now 
let two equal bulks of this air, one at 15, and the other at 45 
degrees be mixed, the compound would then contain 200 and 
800 parts of moisture =1,00X), that is, 500 each, and the tem- 
perature of the mixture would be 30 degrees. But at this 
temperature, air is saturated with 400 parts of vapor, therefore, 
100 parts is rejected and falls in the form of rain. 

This is Dr. Hutton's theory of rain, and 
observation has seemed to prove its truth. 

758. Rain Gauge. — ^This is an instrument 
designed to measure tlie quantity of rain which 
fallb at any given time and placo. 

759. A variety of forms, some quite com- 
plicated, have been invented for this purpose. 
The most simple and convenient, for common 
purposes, is that represented by Fig, 192. 
It may be two feet high, round in form, and 
made of tin, or copper, well painted. It ia Rain ouagt, 

755. What correspondence \% there between the velocitjr o( wind and common ezpraa- 
nom 1 758. What is rain 1 What is said of the ratio or capacity for moisture increas- 
ing faster than the temperature in clouds 1 Explain the reason why, when two clouds 
meet of different temperatures, rain is the result 1 758. What is the design of the rain 
gauge 1 V^hat are the forms and materials of this instrument ? 759. Describe the seaK 
and what it indicates with respect to the sixe of the funnri and cylinder 1 



FIG. 198. 
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furnished with a small metallic faucet for drawing off the water, 
and into the stem of this, is inserted a glass tube, as a scale, 
divided into inches and tenths of inches. This may be done hj 
means of paper, pasted on and then varnished. 

The water will stand at the same height in the glass scale 
that it does in the cylinder, and, being on the outsido, the 
quantity may be known at a glance. If the funnel, or top, is 
twice the size of the cylinder, then, an inch in the scale will 
indicate half an inch received into the guage, or these propor- 
tions may be a tenth, when much accuracy is required. 

Y60. Quantity of rain which falls f^nnually in different coun- 
ries in inches. 

Lisbon, 25 inches. Bergen, 85 inches. 

Dover, 44 " Stockholm, 19 " 

London, 23 " Petersburgh, 17 " 

Paris, 21 " Genoa, 44 " 

Ratisbon, 21 " Rome, 29 " 

MuUer, who is our authority for the above, says that in 
Southern Europe, the annual number of rainy days averages 
120. In Central Europe this number is 146, and in Northern 
Europe it is 180. The number of rainy days, as well as the 
quantity which falls, diminishes with increased distance from the 
sea. 



CHAPTER II. 

OPTICS. 



1. This term^ derived from the Cheeky signifies seeing^ or to 
see. It is that science which treats of vision, and the laws^ 
properties, and phenomena of light, 

2. It admits of two divisions, viz.. Dioptrics, or a discourse 
on the laws of refracted light, and Catoptrics, a treatise on 
reflected light. 

This science involves some of the most elegant and import- 
ant branches of ifatural philosophy. It presents us with experi- 
ments which are attractive by their beauty, and which astonish 
us by their novelty; and, at the same time, it investigates the 

1. What is the meaning of opftics 1 8. What ara the meanint of didfftriA tOA eel 
opirict 1 What it laid pr the ebsanoe and importance of thb ■oMooe 1 
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principles of same of the most useful among the articles of 
common life. 

3. There are two opinions concerning the nature of light 
Some maintain that it is composed of material particles, which 
are constantly thrown oflf from the luminous body ; while 
others suppose that it is a fluid, diffused through all nature, 
and that the luminous, or burning body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as sound is conveyed through the air. 

4. The most probable opinion, however, is that light is com- 
posed of exceedingly minute particles of matter. But whatever 
may be the nature or cause of light, it has certain general pro- 
perties or effects which we can investigate. Thus, by experiment, 
we can determine the laws by which it is governed in its pass- 
age through different transparent substances, and also those by 
which it is governed when it strikes a substance through which 
it can not pass. We can likewise test its nature to a certain 
degree, by decomposing or dividing it into its elementary parts, 
as the chemist decomposes any substance he wishes to analyze. 

DEFINITIONS. 

6. To understand the science of optics, it is necessary to 
define several terms, which, although some of them may be in 
common use, have a technical meaning, when applied to this 
science. 

Light is that principle, or substance, which enables us to see 
any body from which it proceeds. If a luminous substance, as 
a burning candle, be carried into a dark room, the objects in 
the room become visible, because they reflect tiie light of the 
candle to our eyes. 

6. Luminom bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus are luminous bodies. 
The moon, and the other planets, are not luminous, since they 
borrow their light from the sun. 

Y. Transparent bodies are such as permit the rays of light to 
pass freely through them. Air, and some of the gasses are per- 
fectly transparent, since they transmit light without being visible 
themselves. Glass and water are also considered transparent, 
but they are not perfectly so, since they are themselves visible, 

3. What are the two opinions conoerning the natnre of light 1 4. What ia the moat 
probable opinion? 5. What is light? 6. What ii a luminous body? 7. What is a 
transparent body ? Are glass and water perfectly transparent ? How is it proved that air 
is piBiftefly transparent ? 



DBFINITI0N8. 229 

and therefore do not suffer the light to pass through them with- 
out interruption. 

8. Translucent bodies are such as permit the light to pass, 
but not in sufficient quantity to render objects distinct, when 
seen through them. 

9. Opaque is the reverse of transparent. Any body which 
permits none of the rays of light to pass through it, is opaque. 

10. Illuminated^ enlightened. Any thing is illuminated 
when the light shines upon it so as to make it visible. Every 
object exposed to the sun is illuminated. A lamp illuminates a 
room, and every thing in it. 

A Ray is a single line of light, as it comes from a luminous 
body. 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging rays. 

Divergent rays are such as come from a point, and contin- 
ually separate wider apart as they proceed. 

Convergent rays are those which approach each other, so as 
to meet at a common point. 

Luminous bodies emit rays, or pencils of light, in every di- 
rection, so that the space through which they are visible, is 
filled with them at every possible point. 

Thus, the sun illuminates every point of space within the 
whole solar system. A light, as that of a light-house, which 
can be seen from the distance of ten miles in one direction, fills 
every point in a circuit of ten miles from it, with light. Were 
this not the case, the light from it could not be seen from every 
point within that circumference. 

11. Motion of light. The rays of light move forward in 
straight lirhesfrom the luminous body, and are never turned out 
of their course, except by some obstacle, 

r 

FIG. 103. 




JHoHon of Light, 

Let A, Fig, 193, be a beam of light fi-om the sun, passing 



8. What are translucent bodies ? 9. What are opaque bodies % 10. What is meant 
by illuminated'! What is a ray of light? What is a beam? What a pencil 1 What 
pn divergent rays 1 What are convergent rays 1 In what direction do luminous bod 
Qs ^mit n^ht ? How is it proved that a luminous body fills every point within a oeitain 
distaoM with light 1 11. Why can not a beam be seen through a beat tube 1 

20 



230 lUEFRAOTION OF UOHT. 

through a small orifice in the window shutter, B. Th« sun 
can not be seen through the crooked tube, C, because the beam 
passing in a straight line, strikes the side of the tube, and there- 
fore does not pass through it. 

12. All illuminated bodies, whether natural or artificial, throw 
off light in every direction of the same color as themselves, 
though the light with wKich they are illuminated is white or 
without color. 

This fact is obvious to all who are endowed with sight. Thus 
the light proceeding from grass *i3 green, while that proceeding 
from a rose is red, and so of every other color. 

We shall be convinced in another place, that the white light 
with which things are illuminated, is really composed of several 
colors, and that bodies reflect only the rays of their own color, 
while they absorb all the other rays. 

13. Velocity of Light — Light moves with the amazing ra- 
pidity of about 95 millions of miles in S-jt minutes, since it is 
proved by certain astronomical observations, that the light of 
the sun comes to the earlh in that time. This velocity is so 
great, that to any distance at which an artificial light can be 
seen, it seems to be transmitted instantaneously. 

If a ton of gun-powder were exploded on the top of a moun- 
tain, where its light could be seen a hundred miles, no percepti- 
ble difference would be observed in the time of its appearance 
on the spot, and at the distance of a hundred miles. 

DIOPTRICS, OR THE REFRACTION OF LIGHT. 

14. Although a ray of light will jpass in a straight line, wnen 
not interrupted, yet when it pcuises obliquely from one transpar- 
ent body into another, of a different density, it leaves its linear 
direction, and is bent, or refrojcted more or less, out of its former 
course. 

This change in the direction of light, ^'^- ^**- 

seems to arise from a certain power, 
or quality, which transparent bodies 
possess in dift'erent degrees ; for some 
substances bend the rays of light much 
more obliquely than others 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by Fig, 194. 

Let A be a ray of the sun's light, 
proceeding obliquely toward the sur- 
face of the water, C D, and let E be 




RBFAACTIOM OF LIGHT. 231 

the point which it would strike, if moving only through the air. 
Now, instead of passing through the water in the line, A E, it 
will be bent or refracted, on entering the Vater, from O to 
N, and having passed through the fluid it is again refracted in 
a contrary direction on passing out of the water, and then pro- 
ceeds onward in a straight line as before. 

16. Cwp and Shilling. — ^The refraction of water is beauti- 
fully proved by the following simple experiment. Place an 
empty cup, Mff, 195, with a shilling on the bottom, in such a 
position that the side of the cup will just hide the piece of 
money from the eye. Then let another person fill the cup with 
water, keeping the eye in the same position as before. As the 
water is poured in, the shilling will become visible, appearing 
to rise with the water. The effect of the water is to bend the 
ray of light coming from the shilling, so as to make it meet the 
eye below the point where it otherwise would. Thus the eye 
could «not see the shilling in 
the direction of C, since the ^«- *^®* ***• 

line of vision toward A and 
0, is hidden by the side of 
the cup. But the refraction 
of the water bends the ray 
downward, producing the 
same effect as though the ob- 
ject had been raised upward, 
and hence it becomes visible. 

16. Refraction by several 
Media. — Any transparent cup and skming 

body through which light 

passes, is called a medium, and it is found in all cases, *' that 
where a ray of light passes obliquely from one medium into 
another of a different density, it is refracted, or turned out of 
its former coursed This is illustrated in the above examples, 
the water being a more dense medium than air. The refrac- 
tion takes place at the surface of the medium, and the ray is 
refracted in its passage out of the refracting substance as well 
as into it. 




o 



12. What is the oolor of the light which different hodies throw offi If fraas throws 
off green light, what becomes of the other rays 1 13. What is the rate of velocity with 
which liffht moves 1 Can we perceive any difference in the time which it takes an arti- 
ficial light to pass to us from a great or small distance 1 14. What is meant by the re- 
fraction of light ? Do all transparent bodies refract light equally ? Explain Fi^. 194, 
and show how the ray is refracted in passing into, and out of the water. 15. Explam Fig. 
195, and state the reason why the shilling seems to be raised up by pouring in the water. 
16. What is a medium ? In what direction must a ray of light pass fVom ene medium 
to another to be refracted 1 
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17. If the ray, after baviag paaeed through Ihe water, then 
strikes npoa a still more dense mediom, as a pane of glass, it 
will again be refracted. It is understood, that in all cases, the 
ray must fill npon the refracting medium obliquely, in order to 
he refracted, for if it proceeds from one medium to another per- 
pendicularly to their sar&c«8, it will pass straight through tnem 
all, and no refraction will tate place. 

18. Thus, in Fig. 196, let A represent air, B, water, and C, a 
piece of glass. The ray, D, striking each mediuin in a perpen- 
dicular direction, passes through them all in a strught line. 
The oblique ray passes through the air in the direction of C, 
burmeeting the water, is refracted in the direction of ; then 
falling upon the glass, it is again refracted in the direction of 
P, nearly parallel with the perpendicular line, D. 

]0. In all etuea iphere the ray passes out of a rarer into a 
denser medium, it it refracted loteard a perpendicular line, 
raited from the surface i^ the dettter medium, and so, vhen it 
passes out of a denser, into a rarer medium, it is refraettd 
from Ihe same perpendiealar. 




Let the medium, B, Mff. 197, be glass, and the medium, C, 
wafer. The ray. A, as it falls upon the medium, B, is rofraeted 
toward the perpendicular line, K D; but when it enters the 
water, whose refractive power is less than that of glass, it ia 
not bent so near the perpendicular as before, and hence it ia 
refracted from, instead of toward the perpendicular line, and 
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approaches the original direction of the ray, A Gr, when passing 
through the air. 

20. The cause of refraction appears to be the power of 
attraction, which the denser medium exerts on the passing 
ray ; and in all cases the attracting force acts in the direction 
of a perpendicular to the refracting sur^Eice. 

21. Refractum hy Water, — ^The refraction of the rajrs of 
light, as they &11 upon the surface of the water, is the reason 
why a straight rod, with ope end in the water, and the other 
end rising above it, appears to be broken, or bent, and also to 
be shortened. 

Suppose the rod. A, Fig. 198, to be set with one half of its 
length below the surface of the water, and the other half above 
it. The eye being placed in an oblique direction, will see the 
lower end apparently at the point, O, while the real termination 
of the rod would be at N ; the refraction will therefore make 
the rod appear shorter \j the distance from O to N, or one- 
fourth shorter than the part below the water really is. The 
reason why the rod appears distorted, or broken, is, that we 
judge of tne direction of the part which is under the water, by 
that which is above it, and the refraction of the rays coming 
from below the surface of the water, give them a different 
direction, when compared with those coming from that part 
of the rod which is above it. Hence, when the whole rod is 
below the water, no such distorted appearance is observed, 
because then all the rays are refracted equally, 

For the reason just explained, persons are often deceived in 
respect to the depth of water, the refraction making it appear 
much more shallow than it really is ; and there is no doubt but 
the most serious accidents have often happened to those who 
have gone into the water under such deception ; for a pond 
which is really six feet deep, will appear to tne eye only a little 
more than four feet deep. 

TWILIGHT PRODUCED BT ATMOSPHERIC REFRACTION. 

22. The illumination of the heavens, which takes place before 
the rising, and after the setting of the sun, and called tmlight^ 
prolongs the day about two hours. This is produced by the 
refraction of the sun's rays by the atmosphere. The refractive 
power being in proportion to the density of the atmosphere, 

SMk What IB the oause of refraction ? 2]. What is the reason that a rod. with one end 
in the water, appears distorted and shorter than it leaQy is ? ' Why does the water in a 
pond I4>pear less deep than it really is ? 

20* 
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increases as the sun ap- ^x^- iw. 

pro&uhes the liorizon, so thttt 

it is ofteo the case, id a clear 

evening, the setting sun ap- 

peaiB of an oval fonn, m 

consequence of the lower 

limb being so much mora 

highly refracted thaa the 

upper, 

23. This subject will bo 
understood by the following 
explanation of Fig. 199, 

where A C represents one half of our globe, and B D the atmos* 
phere by which it is surrounded. As already explained, when 
the rays of light paas directly through any medium there b no 
refraction, and Vence a person sitting at A, and seeing the 
sun at the zenith, £, would see. him where he reaUy is. But 
about 2 o'clock in the afternoon, the person at A, would see 
the sun at I, though in reality he irould be at E, 33 seconds 
below his apparent situation. At 4 o'clock the sun would 
appear at M, when really hft is at N, and at 6 o'clock, when 
he seems to be sitting, he will seem to be at O, though at 
that time he will really be atf , more than 32 minutes below 
the horizon. These phenomena, arising from the different 
refractive powers of the atmosphere, are only known to those 
who have taken the pains to study the nature of causes and 
effects in and about the world he inhabits. 



2i. By double refraetion w meant that pn^perty in certain native 
minerals, hy which they trafumit tvio inuigee of a single object. 

This property is most perfect in specimens of carbonate of 
lime, usually called Iceland spar; the latter name being form- 
erly given to the fine specimens from that country. At present 
these rhombcads are found in most primitive limestone coantries. 

A perfect piece, two inches in diameter, will show the lines 
about a quarter of an inch apart, the greater the thickness the 
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more distant will be the images presented. Sometimes two or 
three pieces of different sizes, are wanted by the experimenters. 

If a piece of this spar be laid oyer a black line, and then be 
made to revolve slowly, it will be observed that the doubly 
refractive power increases in proportion as the acute angles of 
the rhomb correspond to the direction of the line, when the 
refraction is greatest, or the two hues are widest apart. On 
the contrary, if the crystal is turned in either direction beyond 
this point, the refracted lines approach each other, until the 
sTiort diagonal or obtuse angles, correspond with the line, when 
the double refraction ceases entirely, and only a single line 
appears. 

Explanation, — The cause of this difference is, that when the 
acute angles of the rhomb correspond to the black line, the 
refracted ray is most widely separated from the common ray, 
which depends on the thickness of the crystal, but when the 
position is reversed, the common ray is brought into the exact 
line of the refracted one, thus forming only a single line. 

CATOPTRICS, OR THE REFLECTION OF UOHT. 

25. If a boy throws his ball against the side of a house 
swiftly, and in a perpendicular direction, it will bound back 
nearly in the line in which it was thrown, and he will be able 
to catch it with his hands ; but if the ball be thrown obliquely 
to the right, or left, it will bound away from the side of the 
house in me same relative direction in which it was thrown. 



FIG. 900. 



FIG. 901. 



FIG. 903. 






R^fUction of Light. 

The reflection of light, so far as regards the line of approach, and 
the line of leaving a reflecting surface, is governed by the same law. 

35r Buppoce a sunbeam falls upon a plane mirror, at right angles with its surface, in 
what direction will it be reflected. 
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Thus, if a sunbeam, Fig. 200, passing through a small aper- 
ture in the window-shutter, A, be permitted to &11 upon the 
plane mirror, or looking-glass, I D, at right-angles, it will be 
reflected back at right-angles with the mirror, and therefore 
will pass back again in exactly the same direction in which it 
approached. 

26. But if the ray strikes the mirror in an oblique direction, 
it will also be thrown off in an oblique direction, opposite to 
that from which it came. 

Let a ray pass toward a mirror in the line, A C, Fig. 201, it 
will be reflected off in the direction C D, making the angles 1 
and 2 exactly equal. 

The ray, A C, is called the incident tslj, and the ray, D, 
the reflected ray ; and it is found, in all cases, that whatever 
angle the ray of incidence makes with the reflecting surface, 
or with a perpendicular line drawn from the reflecting surface, 
exactly the same angle is made by the reflected ray. 

2Y. From these facts, arises the general law in optics, that 
the angle of reflection is equal to the angle of incidence. 

The ray, A C, Fig. 202, is the ray of incidence, and that 
from C to D, is the ray of reflection. The angles which A C 
make with the perpendicular line, and with the plane of the 
mirror, are exactly equal to those made by C D, with the 
same perpendicular, and the same plane surface. 

MIRRORS. 

28. Mirrors are of three kinds, namely, plane, convex, and 
concave. They are made of polished metal, or of glass covered 
on the hack with an amalgam of tin and quicksilver. 

Plane Mirror. — ^The common looking-glass is a plane mir- 
ror, and consists of a plate of ground glass so highly polished 
as to permit the rays of light to pass through it with little inter- 
ruption. On the back of this plate is placed the reflecting 
surface, which consists of a mixture of tin and mercury. The 
glass plate, therefore, only answers the purpose of sustaining the 
metallic surface in its place — of admitting the rays of light to 
and from it, and of preventing its surface from tarnishing, by 
excluding the air. Could the metallic surface, however, bfe 
retained in its place, and not exposed to the air, without the 
glass plate, these mirrors would be much more perfect than 



96. Suppose the ray falls obliqueW on its surface, in what direction will it then be 
fleeted 1 What is an incident ray of light ? What is a reflected ray of light ? S7. What 

Eineral law in optics results from observations on the incident and reflected rays ? 38. 
ow many kinds of mirrors are there ? What kind of mirror is the common w^Mng* 
l^ass 1 Of what use is the glass plate in the construction of this mirror 1 
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they are, sxaae in practice, glass can not be made so perfect as 
to transmit all the rays of light which fall on its surface. 

29. When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated ; and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off under the same angle in the 
opposite direction. 

This is the reason why the images of 
objects can be seen when the objects 
themselves are not visible. 

Suppose the mirror A B, Mff, 203, 
to be placed on the side of a room, and 
a lamp to be set in another room, but 
so situated as that its light would shine 
upon the glass. The lamp itself could 
not be seen by the eye placed at E, be- 
cause the partition D is between them ; 
but its image would be visible at E, be- 
cause the angle of the incident ray, com- ^^^*^ Jinnies. 
ing from the light, and that of the reflected ray which reaches the 
eye, are equal. 

30. An ima^e from a plane mirror appears to be just as far 
behind the mirror^ as the object is before ity so that when a per- 
son approaches this mirror ^ his image seems to come forward to 
meet him ; and when he withdraws from it^ his image appears 
to be moving backward at the satne rate. 

If, for instance, one end of a 
rod, two feet long, be made to 
touch the surface of such a mir- 
ror, this end of the rod, and 
its image, will seem nearly to 
touch each other, there being 
only the thickness oT the glass 
between them ; while' the other 
end of the rod, and the other 
end of its image, will appear to 
be equally distant from the point 
of contact. 

31. The reason of this is ex- 
plained on the principle that the 

angle of incidence and that of reflection are equal. 

29. ELcplain Fig. 5203, and show how the ima|e of an object can be aeen in a plane mir 
for when the real object is invisible. 30. The image of an object appears jnst as far be 
hii^JMlAne mirror, as the object is before it. 31. Explain Fig. 904, and show why this 
is the case. 
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Suppose the arrow, A, to be the object reflected by the mir- 
ror, D C, ^ig, 204 ; the incideDt rays, A, flowing from the end 
of the arrow, being thrown back by reflection, will meet the eye 
in the same state of divergence that they would do, if they 
proceed to the same distance behind the mirror, that the eye is 
before it, as at O. Therefore, by the same law, the reflected 
rays, where they meet the eye at E, appear to diverge from the 
point, H, just as fer behind the mirror as A is before it, and 
consequently the end of the arrow most remote from the glass 
will appear to be at H, or the point where the approaching 
rays would meet, were they continued onward behind the glass. 
The rays flowing from every other part of the arrow follow the 
same law ; and thus every part of the image seems to be at 
the same distance behind the mirror, that the object really is 
before it. 

32. In a plane mirror^ a person may see his whole image^ 
when the mirror is only half as long as himself let him stand 
at any distance from it whatever. 

This is also explained by the law, that the angles of incidence 
and reflection are equal. If the mirror be elevated so that the 
ray of light from the eye falls perpendicular upon the mirror, 
this ray will be thrown back by reflection in the same direction, 
so that the incident and reflected ray by which the image of 
the eyes and face are formed, will be nearly parallel, while the 
ray lowing from his feet will fall on the mirror obliquely, and 
will be reflected as obliquely in the contrary direction, and so 
of all the other rays by which the image of the different parts 
of the person is formed. 

This will be under- ^^- ^^ 

stood by Fig, 205, £^ 
where the ray of light 
A B, proceeding from 
the eye, falling perpen- 
dicularly on the plane 
mirror, B D, will be re- 
flected back in the same 

line ; but the ray, C D, mrrvr half the Length of the GbjeeL 

coming from the feet, 
which falls obliquely on the mirror, will be reflected back under 
the same angle in the line, D A ; and since we see objects in 
the direction of the reflected rays, and the image appears at the 

32. What must be the comparative 1eng:th of a plaue mirror in which a peraon may 
■ee his whole image 1 Explain, by the lines in Fig. iJUS, why it is that a lady may see 
herself in a mirror one half ner length. 
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same distance behind the mirror that the object is before it, 
(28,) we must continue the line, A D, to the feet, E, and for the 
same reason, the rays, A B, from the eye, must be prolonged to 
Fy as far behind the mirror as the hue E extends, where the 
whole image will be represented. 

Now, the line, D E, behind the mirror, is just equal to D A 
before it ; and the distance of A C is just twice that of B D ; 
therefore, the whole person is seen in a mirror of half its length, 
the image being as far behind the reflector as the object is 
before it. 

33. A shorter mirror would not show the whole person, be- 
cause the rays coming from the feet would fall so obliquely upon 
it as to be reflected above his head, and thus could not be seen ; 
but, another, placed there, might see the whole image, though 
the owner could not. 

34. Convex Mirror. — A con- ^^^' ^^• 
vex mirror is a part of a sphere, 

or globe, reflecting from the out- y"' b^ 

side, ^^ 

Suppose Mg, 206 to be a / \ 

sphere, then the part from A to O } 1 c 

would be a section of the sphere. f 

Any part of a hollow ball of glass, \ M 

with an amalgam of tin and quick- \ ^ 

silver spread on the inside, or any x^ ^kr 

part of a metallic globe, polished ""^ 

on the .outside, would form a con- Qmvex Mirror, 

vex mirror. 

The axis of a convex mirror, is a line, as G B, passing througu 
its center. 

35. Divergent and Convergent fig. ao7. 
Rays. — Raf s of light are said to 
diverge when they proceed from 
the same point, and constantly re- 
cede from each other, as from the 
point, A, Fig, 207. Rays of light 
are said to converge when they ^^^^ ^^ j^^j^ 
approach in such a direction as 
finally to meet at a point, as at B, Fig, 207. 

The image formed by a plane mirror, as we have already 

33. Why can not a person see his whole figure in a mirror less than half his length 1 34. 
What is a convex mirror 1 What is the axis of a convex mirror 1 35. What are diverf • 
inf rajt 1 What are converging rajrs 1 
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seen, is of the same size as the object, but the image reflected 
from the convex mirror is always smaller than the object. 

The law which governs the passage of light, with respect to 
the angles of incidence and reflection, to and from the convex 
mirror, is the same as already stated for the plane mirror. 

36. From the surface of a plane mirror, parallel rays are 
reflected parallel ; but, the convex mirror causes parallel rays 
falling on its surface to diverge^ by reflection. 

37. To make this understood, 
let 1, 2, 3, Fig. 208, be parallel ^^^' ^' 
rays, falling on the surface of the 
convex reflector, of which A 
would be the center, were the 
reflector a whole sphere. The 
ray 2, is perpendicular to the 
surface of tlie mirror ; for, when 
continued in the same direction, 
it strikes the axis or center of the 
circle, A. The two rays, 1 and 
3, bein^ parallel to this, all tliree 
would rail on a plane mirror in a 

perpendicular direction, and, con- ^ 

sequently, would be reflected in Dnerireiu Rays. 

the lines of their incidence. But, 

the obliciuity of the convex surface, it is obvious, will render 
the direction of the rays 1 and 3 oblique to that surface, for the 
same reason that 2 is perpendicular to that part of the circle on 
which it falls. Rays falling on any part of this mirror, in a 
direction, which, if continued through the circumference, would 
strike the center, are perpendicular to the side where they fall. 
Thus, the dotted lines, G A and D A, are perpendicular to the 
surface, as well as 2. 

Now, the reflection of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are reflected 
under the same angles as those at which they fell, and there- 
fore their lines of reflection will be as far without the perpen- 
dicular lines G A and D A, as the lines of their incident rays, 
1 and 3, are within them, and, consequently, they will diverge 
in the direction of E and O; and, since we always see the 
image in the direction of the reflected ray, an object placed at 
one would appear behind the surface of the mirror, at N, or in 
the direction of the line, O N". 

35. What law governs the passage of light from and to the oooyex mirror 1 90. Are 
paxaUisl rays, falling on a convex mirror, reflected parallel 1 37. Exjdaib Fig. 906. 
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WHY OBJECTS APPEAR LARGE OR SMALL. 

88. Objects appear to us large or small in proportion to the 
angle which the rays of light, proceeding from their extremo 
pai*ts, form, when they meet at the eye. For, it is plain that 
the half of any object will appear under a less angle than the 
whole, and the quarter under a less angle still. Therefore, the 
smaller an object is the smaller will be the angle under which 
it will appear at a given distance. Hence^ the image of an ob- 
ject, when reflected from the convex mirror, appearssmaller than 
the object itself This will be understood by Mg, 209. 

39. Suppose the rays flowing from the extremities of the 
object, A, to be reflected back to 0, under the same degrees of 
convergence at which they strike the mirror ; then, as in the 
plane mirror, the image, D, would appear of the same size as the 
object, A ; for, if the rays from A were prolonged .behind the 
mirror, they would meet at B ; but, forming the same angle, by 
reflection that they would do if thus prolonged, the object seen 
from 6, and its image from 0, would appear of the same di- 
mensions. 

FIG. aO0. FIG. 310. 
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Ol^eet Diminuhed. 



But, instead of this, the rays from the arrow, A, being rendered 
less convergent by reflection, are continued onward, and meet 
the eye under a more acute angle than at C, the angle under 
which they actually meet, being represented at E, consequently 
the image of the object is shortened in proportion to the acute- 
ness of this angle, and the object appears diminished, as repre- 
sented at O. 

38. Why doei an image reflected firom a oqpvex rarfaoe appear smaller than the object 1 
39. Whj does the half of an object appear to the eye smaller than the whole 1 

21 
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40. The image of an object appears less as the object is re- 
moved to a greater distance from a convex mirror. 

To explain this, let us suppose that the arrow A, Mg, 210, 
is diminished by reflection from the convex surface, so that its 
image, appearing at D, with the eye at G, shall seem as much 
smaller, in proportion to the object, as D is less than A. Now, 
keeping the eye at the same distance from the mirror, withdraw 
the object, so that it shall be equally distant with the eye, and 
the image will gradually diminish, as the arrow is removed. 

The reason will be made plain by the next figure ; for, as the 
arrow is moved backward, the angle at 0, Fig, 211, must be 
diminished, because the rays, flowing from the extremities of the 
object, fall a greater distance before they reach the surface of 
the mirror ; and, as the angles of the reflected rays bear a pro- 
portion to those of the incident ones, so the angle of vision will 
become less in proportion, as the object is withdrawn. The 
effect, therefore, of withdrawing the object is, first, to lessen the 
distance between the converging rays, flowing from it, at the 
point where they strike the mirror, and, as a consequence, to 
diminish the angle under which the reflected rays convey its 
image to the eye. 

41. Why the Image seems near the Surface, — ^In the plane 
mirror, as already shown, the image appears exactly as far be- 
hind the mirror as the object is before it ; but, the convex mirror 
shows the image just under the surface, or, when the object is 
removed to a distance, a little way behind it. To understand 
the reason of this difference, it must 4>e remembered that the 
plane mirror makes the image seem as far behind as the object 
is before it, because the rays are reflected in the same relative 
position at which they fall upon its surface. Thus, parallel rays 
are reflected parallel ; divergent rays equally divergent, and con- 
vergent rays equally convergent. But, the convex mirror, as 
also above shown, (33) reflects convergent rays less convergent, 
and divergent rays more divergent ; and, it is from this property 
of the convex mirror that the image appears near its surface, 
and not as far behind it as the object is before it, as in the plane 
mirror. 

Let us suppose that A, Fig, 212, is a luminous point, from 
which a pencil of diverging rays falls upon a convex mirror- 

40. How it the image affected when the object is withdrawn from the surface of a ooa- 
vex mirror? Explain Figs. 209 and 210, and show the reason why the images are di- 
minished when the objects are removed from the convex mirror. What is saicT to be the 
effect of withdrawing the object from a convex surface, and what the consequence on the 
angle of reflected raysl 41. Explain the reason why the image appears near the racfaoo 
of ti.e convex mirror. 
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These rays, as already demonsti^ated) will be reflected more 
divergent, and consequently will meet the eye at £, in a wider 
state of dispersion than they fell upon the mirror at 0. Now, 
as the image will appear at the point where the diverging rays 
would converge to a focus in a contrary direction, were * they 
prolonged behind the mirror, so it can not appear as far behind 
the reflecting surface as the object is before it ; for, the more 
widely the rays meeting at the eye are separated, the shorter 
will be the distance at which they will come to a point. The 
image will, therefore, appear at N, instead of appearing at an 
equal distance behind the mirror that the object, A, is before it. 
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42. The reflection of the concave mirror takes ^lacefrom its 
inside^ or concave surface^ while that of tlie convex mirror is 
from the outside, or convex surface. Thus, the section of a 
metallic sphere, polished on both sides, is both a concave and 
convex mirror, as one or the other side is employed for reflection. 

The efiects and phenomena of this mirror will therefore be, in 
many respects, directly the contrary from those already detailed 
in reference the convex mirror. 

From the plane mirror, the relation of the incident rays is 
not changed by reflection ; from the convex mirror they are dis- 
persed ; but, the concave mirror renders the rays reflected from 
it m^ore convergent, and tends to concentrate them into a focus. 

The surface of the concave mirror, like, that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to, instead of from, each other at certain angles, in pro- 
portion to its concavity. 

43. What is the shape of the concave mirror, and in wliat res{)ect does it di£for from 
the convex mirror 1 How may convex and concave mirrors be united in the same instra 
menti What is the difference of effect between the concave, convex, and plane minors, 
(Ml the reflected rays 1 



244 



MIRRORS. 



FIG. 213. 




The laws of incidence and reflection are the same, when ap- 
plied to the concave mirror, as those already explained in refer* 
ence to the other mirrors. 
♦ 43. Plane Mirrors Inclined, — ^In refer- 
ence to the concave mirror, let us, in the 
first place, examine the effect of two plane 
mirrors inclined to each other, as in Mg. 
213, on parallel rays of light The inci- 
dent rays, A and B, being parallel before 
they reach the reflectors, are thrown off at 
unequal angles in respect to each other, 
for B falls on the mirror more obliquely 
than A, and, consequently, is thrown off 
more obliquely in a contrary direction, 
therefore, me angles of reflection being 
equal to those of incidence, the two rays meet at C. 

Tfiu8j we see that the effect of two plane mirrors, inclined to 
each other, is to make parallel rays converge and meet in a focus. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render diverging 
rays paralleli and converging rays still more convergent. 

44. Focus of a Concave Mirror, — The foctis of a concave 
mirror id the point where the rays are brought together by re- 
flection. The center of concavity in a concave mirror, is the 
center of the sphere, of which the mirror is a part. In all con- 
cave mirrors, the focus 
of parallel rays, or rays 
falling directly from the 
sun, is at the distance 
of half the semi-diame- 
ter of the sphere or 
globe, of which the re- 
flector is a part. 

Thus, the parallel rays 
1, 2, 3, (fee, Fig. 214, 
all meet at the point, O, 
which is half the distance 
between the center, A, 
of the whole sphere and 
the surface of the re- 
flector, and, therefore, 

43. In what respect may the eonoave mirror be considered as a number of plane mir 
rors 1 44. Wbat is the focus of a concave mirror 1 At yrhat distance from its lurfaoi 
u the foous of parallel rays in thi« mirror ? 
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one quarter the diainet«T of the whole sphere, of which th« 
mirror is a part. 

46. Prineipat Focus. — in concave mirrors, of all dimensions, 
the reflected rays follow the some law ; that is, parallel ravB 
meet and cross each other at the distance of one-fourth om 
diameter of the sphere of which they are sections. This point 
is called the principal focos of the reflector. 

But if the incident rays are divergent, the focus will be 
removed to a greater distance from the surface of the mirror, 
than when they are parallel, in proportion to their divergence, 

46, Objects wrrHiif thk Fooua. — Tke concave mirror, when 
the c^eet is nearer to it than the principal foeus, present* the 
image larger than the olject, erect, and behind the mirror. 

To explain this, let us 
suppose the object. A, ria.ais. 

Fig. 215, to be placed 
before the mirror, and 
Dearer to it than the prin- 
dpal focus. Then the 
rays proceeding &om the 
extremities of the object 
without any interruptiOQ, 
woald continue to diverge 
in the lines, O and N, as 
seen behind the mirror; 
hut, by reflection they 
are made to divei^ less 
than before, and couse- 
quentlr to make the an- 
gle under which they meet 
more obtuse at the eye,B, 
than it would be if tter 
continued onward to E^ 
where tbey would have 
met without reflection. 
Xhe result, therefore, is to 
render the image, H, upon 
the eye, as much laiger 
than tbe object, A, as the 
angle «t the eye is more 
obtuse than the angleatC. 

«. Wklt il Uw piliKii^ focul at > CDncii 
SJ5| unii ibow whj Ui« imife h Jarger tlun t 
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47. Itagnified Human Face. — ^A more striking illostration 
of this priociple is seen at Fig, 216. "When the concave mir- 
rot is large, sav biz inches in diameter, and eight or ten inchee 
£x»l dbtance, it exhibits the hunma face of enormous bulb, the 
spectiitor being frightened at the size and coarsenesa of his own 
features. Thus if the face be presented within the piincipat 
focuB of the mirror, as at 6, the magnified image will be seen 
as &r behind the mirror as the face is before it, as at A, and 
will appear two or three dmea the size of the face, according 

.to die power of the reflector ; the reason of which has already 
been erolained and illustrated by Fig. 216, 

48. Curious Deceptum* by Coneaoe Mirrors. — From the 
property of the concave mirror to form an inverted image of 
the object suspended in the air, many curious and surprising 
deceptions may be produced. Thus, when the mirror, the of 

iect^ and the light, are placed so that they can not be seen, 
(which may be done by placing a screen before the light, and 
permitting the reflected rays to pass through a small aperture 
in another Bcreeu,] the person mistakes the image of the object 
for its reality, and not understanding the deception, thinks he 
flees persons walking with heads downward, and cnpe of water 
turned bottom upward, without spilling a drop. Again he 
sees clusters of delicious fruit, and when invited to help nimsel^ 
on reaching out his hand for that purpose, he finds that the ob- 
ject either suddenly vanishes &om his sight, owing to his having 
moved his eye out of the proper range, or that it is intangible. 

49. One method of ef- 
fecting such deceptions, P'"- *"'■ 
is shown . by Fig. 217, 

where A is a la^ con- 
cave mirror, six or eight 
inches in diameter, placed 
on the back part of a dark 
box ; the performer, D, is 
concealed from the spec- 
tators by the partition, C ; 
the strong light, E, is also 
concealed by the partition, 
I, but is thrown upon the 
actor, or any thing he 
holds in his hand. If he 

holds a book, as S^hown by -O^^u™ iy C™:=t.= Mirr^.. 
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the figure, the light reflected from A, will pass between the par- 
titions, C and I, to the mirror, and will reflect the image of the 
book to Z, where it will appear so distinct and tangible, that a 
person looking through the opening at X, will have no doubt 
that it is a red book, and will be much astonished to find, when 
he puts out his hand to take it, that it has no substance, and 
that his hand will pass through it, as though it was nothing 
but a shadow, which he can not at first be made to believe is 
the case. 

60. Heat Produced by a Concave Mirror. — ^The concave 
mirror having the property of converging the rays of light, is 
equally efficient in concentrating the rays of heat, either separ- 
ately or with the light. When, therefore, such a mirror is pre- 
sented to the rays of the sun, it brings them to a focus, so as 
to produce degrees of heat in proportion to the extent and per- 
fection of its reflecting surface. A metallic mirror of this kind, 
' of only four or six inches in diameter, will fuse metals, set wood 
on fire, <fec. 

51. JEJxperiment with a Hot Ball, — As the parallel rays of 
heat or light are brought to a focus at the distance of one quar- 
ter of the diameter of the sphere, of which the reflector is a 
section, so if a luminous or heated- body be placed at this point, 
the rays from such body passing to the mirror, will be reflected 
from all parts of its surface, in parallel lines ; and the rays so 
refltscted by the same law, will be brought to a focus by another 
mirror standing opposite to this. 

52. Suppose a red-hot ball to be placed in the principal focus 
of the mirror. A, Fig. 218, the rays of heat and light proceed- 
ing from it will be reflected in the parallel lines, 1, 2, 3, ifee. 
The reason of this is the same as that which causes parallel 
rays, when falling on the mirror, to be converged to a focus. 
The angles of incidence being equal to those of reflection, it 
makes no difierence in this respect, whether the rays pass to or 
from the focus. In one case, pp,rallel incident rays from the 
sun, are concentrated by reflection ; and in the other, incident 
diverging rays, from the heated ball, are made parallel by 
reflection. 

The rays, therefore, flowing from the hot ball to the mirror, 
A, are thrown into parallel lines by reflection, and these re- 

50. Will the concave mirror concentrate the rays of heat, as well as those of light 1 
51. Suppose a luminous body be placed in the focus of a concave mirror, in what di- 
rection will its rays be reflected 1 52. Explain Fig. 218, and show why the rays from 
the focus of A, are concentrated in the focus, B. What curious experiments may be 
made by two coficave mirrors placed opposite to each other by a hot balll How may it 
be shown that heat and light are distinct principles ? 



fleeted rayB,in respect to the mirror, B, become tberajsof inci- 
denoe, which are again brooght to a focus by reflection. 

Thus the heat of the ball, by being placed in the focns of on« 
minor, b bronght to a focus by ^e reflection of the other 
mirror. 

To show that heat and liffht are separate principleB, place a 
piece of phosphorus in the locus of B, and when tlie ball is so 
cool as not to be Inminous, remove the screen, and the phos- 
phorus will instaotiy inflame. 

63. Deeeption 6y Several Mirrors. — ^The wonderful feat of 
reading through a brick, Bometimea exhibited in the streets, at 
a penny a head, is expluned by Fig.2\9. 



The apparatus consists of five abort tubes jointed at right- 
angles, and containing four mirrors placed at the angle of 45° to 
the incident rays of light, flowing, first, from the object to be 
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seen, and then from one mirror to the other. Thus, the ta,y% 
from thewobject, P, pass to the mirror, L, through the tube, D 0, 
and from L, are' reflected to H, and from H, horizontally, to G, 
and from G, vertically to K, and lastly, from K, horizontally to 
the eye. 

Now the angle of reflection, being equafto that of incidence, 
each mirror has the effect to change the direction of the rays of 
light equal to that of a quarter of a circle, and the four mirrors, 
therefore, produce a change equal to that of an entire cirde. 

RKFRACTION BT LENBE8. 

5i. A Lens is a transparent hody^ generally made of gUiss^ 
and 80 shaped that the rays of light in passing through it are 
either collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has already been shown, that when theprays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to &11 per- 
pendicularly on the surface of the medium. (19.) 

The point where no refraction is produced on perpendicular 
rap, is called the axis of the lens, which is a right Hne passing 
through its center, and perpendicular to both its surfaces. 

In eveiy beam of light the middle ray is called its axis. 

Rays of light are said to &11 directly upon a lens, when their 
axis coincides with the axis of thd lens ; otherwise diey are said 
to fall obliquely. 

The point at which the nys of the sun are collected, by pass^ 
ing through a lens, is called the principal foctis of that lens. 

55. Lenses are of various kinds, and have received certain 
names, depending on their shapes. The different kinds are 
shown at Fig. 220. 

A prism, seen at A, has two plane surfaces, A R, and A S, 
inclined to each other. 

A plane glass, shown at B, has two plane surftaces, parallel to 
each other. 

A spherical lens, C, is a ball of glass, and has every part of 
its surface at an equal distance from the center. 

A doubU'Convex lens^ D, is bounded by two convex surfaces, 
opposite to each other. 

54. What is a lens ) What is the axis of a lens 1 In what part of a lens is no refrao. 
tion produced 1 Wli^ r»the axis of a beam of light 1 When are rays of liffht said 
to fall directly upon a lens ? How many kinds of lenses are mentioned 1 55. What are 
the names aad shapes of each. 
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A pltau>-e{mvex lent, E, is bounded by a convex enr&ce od 
0D« aide and a plane one od the other. , 

A double-concave fen«, F, is bounded by two concave sphef' 
ical snr&ces, opposite to eacb other. 

A plcmo-toneave lens, O, is bounded by a plane surface ou 
one side, and a concave one on the oilier. 

A menUcvs, H, is bounded by one concave, and one convex 
Bpherica] sni&ce, which two surfaoee meet at the edge of the 



r leM, I, is bounded by a concave, and con- 
vex Bur&ce, but which diverge ftom each other, if continued. 

The effects of the pmm on the rays of light will be ehown in 
another place. The refraction of the jiiotu glass bends the 
parallel raya of light equtdly toward the perpendicular, as already 
shown. The tpkere is not often employed as a lens, since it la 
inconvenient in use. 



66. 7^ effect ^of Ike 
convex lens, by increaa- 
inff the visual angle, is 
to magnify all objects 
teen through it. 

Focal Distance. — The 
focal distances of convex 
lenses, depend on their 
degrees of convexity. 
The focal distance of a 
Hngle, or plano-convex 
lens, is the diameter of 
a sphere, of which it is a 
section. 
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If the whole circle, Fig. 221, be considered the circumfer- 
ence of a sphere, of which the plano-convex lens, B A, is a 
section, then the focus of parallel rays, or the principal focus, 
will be at the opposite side of the sphere, or at C. 

57. The focal distance of a c?o«5^-convex lens, is the radius, 
or half the diameter of the sphere, of which it is a part Hence 
the plano-convex lens, being one half of the double-convex lens, 
the latter has twice the refractive power of the former ; for the 
rays suffer the same degree of refraction in passing imt of the 
one convex surface, that they do in passing into the other. 

58. Double- Ccnvex L&m, — The shape of the double-convex 
lens, D C, Fig . 222, is that of two plano-convex lenses, placed 
with their plane sur&ces 

in contact, and conse- ^^^' ^^• 
qnently the focal distance 
of this lens is nearly the 
center of the sphere of 
which one of its surfieuies 
is^a part K parallel 
rays fall on a convex lens, 
it is evident that the ray 
only, which penetrates 
the axis and passes to- 
ward the center of the 

sphere,will proceed with- i)<w£We-Qmi»«c i«w. 

out refraction, as shown 

in the above figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de- 
pending on the convexity of the lens. 

69. DrvBRGiNO Rats on a Convex Lbns.-^^ diverging 
rays fall on the surface of this lens, they mil, by refraction, be 
rendered less divergent, parallel, or convergent, according to the 
degrees of their divergence, and the convexity of the surface of the 
lens, 

Th«8, the diverging rays, 1, 2, Ac, Fig, 223, are refracted 
by the lens, A O, in a degree just sufficient to render them par- 
allel, and therefore, would pass off in right lines, indefinitely, or 
without ever forming a focus. 

It is obvious by the same law, that were the rajrs less diverg- 
ent, or were the surface of the lens more convex, the rays in 
Fig, 223, would become convergent, instead of parallel, 

57. What is the focal diitanoe of any plano-oonvex lens 1 What is the fooal distance 
of the double-convex lens 1 58. What is the shape of the double-convex lens 1 50. 
How are divergent ra^ affected by passing through a convex lens 1 What is its effect ea 
parallel rays ? What is its effect on converging rays 1 
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Diverging Rofft, 



because the same re- *^®- ^^• 

fraetive power which 
would render diver- 
gent rays parallel, 

would make parallel 

rays convergent, and 

converging rays still . 

more convergent. 

The ey^lasses of 
spectacles for oldpeo* 
pie are double-convex 
lenses, more or less 
spherical, according to the age of the person, or the magnifying 
power required. 

60. Burning Glass. — ^The common burning glasses, which 
are used for lighting cigars, and sometimes for kindling fires, 
are also convex lenses. Their effect is to concentrate to a focus, 
or point, the heat of the sun which falls on their whole sur&ce ; 
and hence the intensity of their effects is in proportion to^he 
extent of their surfaces, and their focal lengths. 

61. Yigs^L Angle. — ^It has been explained, that the reason 
why the convex mirror diminishes the images of objects is, that 
the rays which come to the eye from the extreme parts of the 
object are rendered less convergent by reflection, from the con- 
vex surface, and that in consequence, the angle of vision is made 
more acute. (41.) 

62. Now, the refractive power of the convex lens has exactly 
e contrary effect, since by conver^ns the rays flowing from 

the extremities of an object, the visual angle is rendered more 



FIG. 284. 



FIG. SS5 




Visual Angle, 




FiswU Jingle. 



obtuse, and therefore all objects seen through it appear magnifiea. 

What kind of lentet are spectacle slanea for old people 1 flO. What kind of a )mm 
ia a burning glan? 61. What is the viaaal angle 1 OS. What ia the eflbot of tte 
•ODvex leni on the yiBoal angle f 
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63. Suppose the object, A, Fig, 224, appears to the naked 
eye of the length represented in the drawing. Now, as the 
rays coming from each end of the object, form by their con- 
vergence at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects large or small in propor- 
tion as this angle is obtuse or acute, if, therefore, the object. A, 
be withdrawn fiirther from the eye, it is apparent that t5ie rays 
O O, proceeding from its extremities, will enter the eye under a 
more acute angle, and, therefore, that the object will appear di- 
minished in proportion. This is the reason why things at a 
distance appear smaller than when near us. When near, the 
visual angle is increased, and when at a distance it is diminished. 

The effect of the convex lens is to increase the visual angle, 
by bending the rays of light coming from the object, so as to 
make them meet at the eye more obtusely ; and hence it has 
the same effect, in respect to the visual angle, as bringing the 
object nearer the eye. This is shown by Fig. 225, where it is 
obvious, that did the rays flowing from the extremities of the 
arrow meet the eye without refraction, the visual angle would 
be less, and therefore the object would appear shorter. Another 
effect of the convex lens, is to enable us to see ot^ts nearer 
the eye than without it, as will be explained under the article 
Vision, 

Now, as the rays of light flow from all parts of a visible 
object of whatever shape, so the breadth, as well as the length, 
is increased by the convex lena, and thus the whole object ap- 
pears magnified. 

64. Concave Lens. — The effect of the concave lens is di- 
rectly opposite to that of the convex, \xk other terms, by a con- 
cave lens, parallel rays are rendered diverging, converging rays 
have their convergence diminished, and diverging rays have their 
divergence increased, according to the concavity of the lens. 

These ^glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays com- 
ing from the extreme points of an object, the visual angle is 
rendered more acute, and hence the object appears diminished 
by this lens, for the opposite reason, that it is increased by the 
convex lens. This will be made plain by the two following 
diagrams. 

63. Why doei the 8(^me object, when at a distance, appear smaller than when near 1 
Why does an object appear larger through the convex lens than otherwise ? 64. What 
IS the eflfect of the concave lens 1 What effect does this lens have upon parallel, diverg- 
ing, and converging rays 1 Why do objects appear smaller through this glass than they 
do to the nak^ evel Explain Figs. 3S6 and 327, and show the reason whv the same 
object appears smaller through 93n. What defect in the eye requires concave lenses % 
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Suppose the object, A B, Fig. 226, to be placed at such a 
distauce from the eye, as to give the rays flowing from it, the 
degrees of convergence represented in the figure, and suppose 
that the rays enter the eye under such an angle as to make the 
object appear two feet in length. 



FIG. 226. 



FIG. 227. 





JfatMral Viswn. 



Plano-Coneave Lena. 



Now, the length of the same object, seen through the con- 
cave lens, Fig, 227, will appear diminished, because the rays 
coming from it are bent outward, or made less convergei^t by 
refraction, as seen in the figure, and consequently the visual 
angle is more acute than when the same object is seen by the 
naked eye. Its length, therefore, will appear less in proportion 
as the rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of objects are formed further back 
in the eye than otherwise, as will be explained under the next 
article. 



VISION. 



65. In the apptica^ 
tion of the prindpksr of 
optics to the explanation 
of ruitural phenomena^ 
it is necessary to give a 
descrijytion. of the most 
perfect of all optical in- 
struments^ the eye. 

Human Eye, — Fig, 
228 is a vertical section 
of the human eye. Its 
form is nearly globular, 
with a slight projection 



FIG. 228. 




Human Eye, 



65. What ii the most perfect of all optical instruments 1 What is the form of th» 
human eye 1 How many coats or membranes has the eye ? What ace they called 1 
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or elongation in front. It consists of four coats, or membranes ; 
namely, the sclerotic^ the cornea^ the choroid^ and the retina. It 
has two fluids confined within these membranes, called the aque- 
ous^ and the vitreous humors, and one lens, called the crystaline. 
The sclerotic coat is the outer and strongest membrane, and its 
anterior part is well known as the white of the eye. This coat is 
marked in the figure, A A A A. It is joined to the cornea, B B, 
which is the transparent membrane in front of the eye, through 
which we see. The choroid coat is a thin, delicate membrane, 
which hues the sclerotic coat on the inside. On the inside of this 
lies the retin<L, D D D D, which is the innermost coat of all, and 
is an expansion, or continuation of the optic nerve, 0. This ex« 
pansion of the optic nerve is the immediate seat of vision. The 
ins, I, is seen through the cornea, and is a thin membrane, 
or curtain, of different colors in different persons, and therefore 
gives color to the eyes. In black-eyed persons it is black, in 
blue-eyed persons it is blue, <fec. Through the iris, is a circular 
opening, called the pupil, which expands or enlarges when the 
light is fftint, and contracts when it is too strong. The space 
between the iris and the cornea is called the anterior chamber 
of the eye, and is filled with the aqueous humor, so called from' 
its resemblance to water. Behind the pupil and iris is situated 
the crystaline lens, £, which is a firm and perfectly transparent 
body, through which the rays of light pass from the pupil to 
the retina. Behind the lens is situated the posterior chamber 
of the eye, which is filled with the vitreous humor, V V. This 
humor occupies much the largest portion of the whole eye, and 
on it depends the shape and permanence of the organ. 

From the above description of the eye it will be easy to trace 
the progress of the rays of light through its several parts, and 
to explain in what manner vision is performed. 

In doing this, we must keep in mind that the rays of light 
proceed firom every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the rays, 
when compared with the whole number, to enter the eye, in 
order to make the object visible. 

OPTICAL AXIS. 

67. In Fig. 229, presenting a fi-ont view of the eyes, W W 
shows the white, 1 the iris, and P the pupil. 

A straight line, passing through the center of the cornea, 

65. How many fluidB hai the eye, and what are they called t What it the lens of the eye 
called 1 What coat Ibrma the white of the eyel Describe where the leveral coats and 
humors are situated. What is the irisi What is the retina 1 Where is the sense of 
▼ision ? What is the design of Fig. S39 ? What is said concerning the small number of 
the rays which enter the eye from a visible object 1 
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FI6.8S9. 




Human Eyes, 

coincidiDg with the axis of the crystaline lens, and dividing 
equally tbe.center of the eye-ball, is called the optical axis, as 
shown in the cyt. 

66. Refraction hy the Eye, — From the luminous body, L, 
Fig. 230, the pencils of rays flow in all directions, but it is 
only by those which enter the pupil, that we gain any knowl- 
edge of its existence; and even these would convey to the 
mind no distinct idea of the object, unless they were refracted 
by the humors of the eye, for did these rays proceed in their 

FIG. 230. 




Refraction by the JSye. 

natural state of (Mvergence to the retina, the i^nage there formed 
would be too extensive,, and consequentiy to* feeble to give a 
distinct sensation of the object. • 

It is, therefore, by the refracting power of the aqueous 
humor, and of the crystaline lens, that the pencils of rays are 
so concentrated as to form a perfect picture of the object on the 
retina. 

Inverted Image on the Retina, — We have already seen 
that when the rays of light are made to cross each other by 
reflection from the concave mirror, the image of the object is 
inverted ; the same happens when the rays are made to cross 
each other by refraction through a convex lens. This, indeed, 
must be a necessary consequence of the intersection of the rays ; 

" — I , , , 

66. Explain the design of Fig. 230. Why would not the ray* of light ffivo a diitinol 
idea of tbe object, without refraction by the humors of the eye 1 67. Bzputin how it ia 
hat the images of objects are inverted on the retina. 
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for as light proceeds in straight lines, those rays which como 
from the lower part of an object, on crossing those which come 
from its upper part, will represent this part of the picture on 
the upper half of the retina, and, for the same reason, the 
upper part of the object will be painted on the lower part of 
the retina. 

Now, all objects are represented on the retina in an inverted 
position; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 
contrary. 

68. Eye of an Ox. — ^This is readily proved by taking the eye 
of an ox, and cutting away the sclerotic coat, so as to make it 
transparent on the back part, next the vitreous humor. If now 
a piece of white paper be placed on this part of the eye, the 
images of objects will appear figured on the paper in an 
inverted position. The same effect will be produced on looking 
at things through an eye thus prepared; they will appear 
inverted. 

FIG. 231. 




Inversion of Objects. 

The actual position of the vertical object. A, Fig. 231, as 
painted on the retifii^ is^ therefore such as is represented by the 
figure. The rays from its upper extremity, coming in divergent 
lines, are converged by the crystaline lens, and fall on the retina 
at O ; while those from its lower extremity, by the same law, 
fall on the retina at C, the rays crossing eadi other as they pass 
the humors of the eye. 

69. In order that vision may be perfect, it is necessary that 
the images of objects should be formed precisely on the retina, 
and consequently, if the refractive power of the eye be too small, 
or too great,^the image will not fall exactly on the seat of vision, 
but will be formed either before, or tend to form behind it. In 

68. What experiin«nt'*prove8 that the images of objects are inverted on the retinal 
Explain Fi^ 231. 69. Suppose the refractive power or the eye is too greet, or too little, 
why will vision be imperfect 1 

22* 
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both cases, perhaps, an outline of the object may be visible, but 
it will be confused and indistinct 

70. Cornea too Prominent, — If the cornea is too convex, or 
prominent, the image will be formed before it reaches the retina, 
for the same reason, that of two lenses, that which is most con- 
vex will have the least focal distance. Such is the defect in the 
eyes of persons who are short-sighted, and hence the necessity 
of their bringing objects as near the eye as possible, so as to 
make the rays converge at the greatest distance behind the 
crystaline lens. 

The effect of uncommon convexity in the cornea on the rays 
of light, is shown at Fig. 232, where it will be observed that 
the image, instead of being formed on the retina R, is suspended 
in the vitreous humor, in consequence of there being too great 
a refractive power in the eye. It is hardly necessary to say, 
that in this case, vision must be very imperfectly performed. 

FI6.33S. 




Cornea too Convox. 



This defect of sight is remedied by spectacles, the glasses of 
which are concave lenses. Such glasses, by rendering the rays 
of light less convergent, before l£ey reach the eye, counteract 
the too great convergent power of the cornea and lens, and thus 
Uirow the image on the retina. ^ 

11. Cornea too Flat. — ^I^ on the contrary, the humors of the 
eye, in consequence of age, or any other cause, have become 
less in quantity than ordinary, the eye ball will not be sufB- 
ciently ^stended, and the cornea will become too flat, or not 
sufficiently convex, to make the rays of light meet at the proper 
place, and the image will therefore tend to be formed beyond 
the retina, instead of before it, as in the other case. Hence, 

70. If the cornea is too convex, where will the image be formed 1 How is the sirht 
improved, when the cornea is too convex 1 How do such lenses act to improve the sight 1 
71. Where do the rays tend to meet when the cornea is not sufficiently convex 1 How M 
vision assisted when the eye wants convexity 1 
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aged people, who labor under this defect of vision, can not see 
distinctly at ordinary distances, but are obliged to remove the 
object as &r from the eye as possible, so as to make its refrac- 
tive power bring the image within the seat of vision. 

FIG. 233. 




Cornea too FtoL 

The defect arising from this cause is represented by Fig, 233, 
where it will be observed that the image is formed behind the 
retina, showing that the convexity of the cornea is not sufficient 
to bring the image within the seat of distinct vision. This 
imperfection of sight is common to aged persons, and is cor- 
rected in a greater or less degree by double-convex lenses, 
such as the common spectacle-glasses. Such glasses, by causing 
the rays of light to converge, before they meet the eye, assist 
the refractive power of the crystaline lens, and thus bring the 
focus, or image, within the sphere of vision. 

72. Why we see Objects Erect — It has been considered dif- 
ficult to account for the reason why we see objects erect, when 
they are painted on the retina inverted, and many learned theo- 
ries have been written to explain this fact. But it is most 
probable that this is owing to habit, and that the image at the 
bottom of the eye, has no relation to the terms above and be- 
low, but to the position of our bodies, and other things which 
surround us. The term perpendicular^ and the idea which it 
conveys to the mind, is merely relative ; but when applied to 
an object supported by the earth, and extending toward the 
skies, we call the body erect^ because it coincides with the posi- 
tion of our own bodies, and we see it erect for the same reason. 
Had we been taught to read by turning our books upside down, 
what we now call the upper part of the book would have been 
its under part, and that reading would have been as easy in 
that position as in any other, is plain from the fact that printers 

71. How do convex lenses help the sight of aged penontl 73. Why do we see things 
Meet, whm the images aie inverted on the retina 1 
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read their tjrpe, when set up, as readily as they do its impres- 
sions on paper. 

ANGLB OF VISION. 

Yd. This subject, partly explained, needs further illustration. 

The angle under which the raya of light, coming from the 
extremities of an object, cross each other at the eye, hears a pro- 
portion directly to the length, and inversely to the distance of 
the object. 

Suppose the object, A B, Fig. 234, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 
its extremities, would intersect each other at tne eye, under a 
given angle, which will always be the same when the object is 
at the same distance. If the object be gradually moved toward 
the eye, to the place, C D, then the angle will be gradually in- 
creased in quantity, and the object will appear larger, since its 
image on the retina will be increased in length in the propor- 
tion as the lines I L, are wider apart than O. On the con- 
trary, were A B removed to a greater distance from the first 
position, it is obvious that the angle would be diminished in 
proportion. 

FIG. 234. 




Angle of Vision, 

The lines thus proceeding from the extremities of an object, 
and representing the rays of light, form an angle at the eye, 
which is called 3ie vistial angle, or the angle under which things 
are seen. The lines, A R B, therefore, form one visual angle, 
and the lines, CRD, another visual angle. 

We see from this investigation, that Sie apparent magnitude 
of objects depending on the angles of vision, will vary according 

73. What is the visaal anele 1 How may the visual angle of the same object be id- 
creased or diminished 1 When do objects of different magnitudes fonn the same viaiial 
angle 1 Explain Fig. 234. 
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to their distances from the eye, and that these magnitudes di- 
minish in a proportion inversely as their distances increase. 

74. How WB Judge of Magnitudes. — In the apparent mag- 
nitude of objects seen through a lens, or when their images 
reach the eye by reflection from a mirror, our senses are chiefly, 
if not entirely, guided by the angle of vision. In forming our 
judgment of the sizes of distant objects, whose magnitudes were 
before unknown, we are also guided more or less by the visual 
angle, though in this case we do not depend entirely on the 
sense of vision. Thus, if we see two balloons floating in the 
air, one of which is larger than the other, we judge of their 
comparative magnitudes by the difference in their visual angles, 
and of their real magnitudes by the same angles, and the dis- 
tance we suppose them to be from us. 

75. But when the object is near us, and seen with the naked 
eye, we then judge of the magnitude by our experience, and not 
entirely by the visual angle. Thus the three arrows, A E M, 
Fig, 234, all of them make the same angle on the eye, and yet 
we know, by further examination, that they are all of different 
lengths. And so the two arrows, A B, and C D, though seen 
under different visual angles, will appear of the same size, be- 
cause experience has taugnt us that this difference depends only 
on the comparative distance of the two objects, 

76. As the visual angle diminishes inversely in proportion as 
^he distance of the object increases, so when the distance is so 
great as to make the angle too minute to be perceptible to the 
eye, then the object becomes invisible. Thus, when we watch 
an eagle flying from us, the angle of vision is gradually dimin- 
ished, until the rays proceeding from the bird form an image on 
the retina too small to excite sensation, and then we say the 
eagle has flown out of sight. 

77. Size of the Image on the Retina. — ^The actual size 
of an image on the retina, capable of exciting sensation, and 
consequently of producing vision, may be too small for us to 
appreciate by any of our other senses ; for when we consider 
how much smaller the image must be than the object, and that 
a human hair can be distinguished by the naked eye at the dis- 
tance of twenty or thirty feet, we must suppose that the retina 
IS endowed with the most delicate sensibility, to be excited by 
A cause so minute. It has been estimated Uiat the image of a 

^ — ■■'■ ■ .^ ■ I - ■■- ,■■■■■ ■ , _■■ , ■ ■ ■■ ■ — ■■■»■ 

74. How do we jud^ of the maipitttdes of dwtaot object! 7 Under what circnnutan- 
MS 18 our sense of vision guided entirely by the lusual angle 7 75. How do we judge of 
dto oomparative size of objects near us 1 76. When does a retreating object become in 
▼isible to the eye 1 How does a convex lens act to make us see objects which are \xa'\ 
•ibie without it 7 77. What is said of the actual size of an image on the retina 1 



262 OPTICAL IHSTRUHKHTe. 

man, on the retiaa, seen at the distance of a mile, is not more 
than the five thousandtli part of an inch id length. 

78, luDiBTiBCT Vision. — On the contrary, if the object be 
brought too near the eye, its image becomes confiiBed and in- 
diBtinct, because the rays floning n«m it, fell on the crysttdine 
lens in a state too direigent to be refracted to a fbcos on tiia 
retina. 

Thb will be apparent by ne.sa. 

Fig. 236, where we sup- 
pose that the object. A, is 
brought within an inch or 
two of the eye, and that 
the rays proceeding from 
it enter the pupil so ob- 
liquely as not to be refract- 
ed by the lens, bo aa to form 
B distinct image. 

Could we see objects dis- luutintt n,it^ 

tioctly at the shortest dis- 
tance, we should be able to examine things that are now invisk 
ble, since the visual angle would then be increased, and conse- 
quently the image on the retina enlarged, in proportion as 
objects were brought near the ^'e. 

79. Interceptinff the Says. — lliis is proved by intercepting tho 
most divergent rays; in whicb case an obj^ may be brought 
near the eye, and will then appear greatly magnified. Make a 
small orifice, aa a pin-hole, through a piece of dark-colored 
paper, and then look through tlie orifice at small objects, such 
as the letters of a printed book. The letters will appear much 
magnified. The rays, in this case, are refracted to a focus, on 
the retina, because the small orifice prevents those which are 
most divergent from entering the eye, so that notwithstanding 
the nearness of the object, the rays which form the image are 
nearly parallel. 



80, Single Microscopi. — The principle of the single micro- 
scope, or convex lens, will be readily understood, if the pnpil 
will remember what has been said on the refraction of lenBea,ui 
connection with the facts just stated. For, the reason why ob- 

78. V/hj snobjHU Indiitlnot when tmaBhl too nnr Ilie tj*'? BappoH o1)f«li 
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jects appear magnified through a convex lens, is not only 
because the visual angle is increased, but because wben brought 
near the eye, the diverging rays from the object are rendered 
parallel by the lens, and are thus thrown into a condition to be 
brought to a focus in the proper place by the humors of the eye. 
Let A, Fig, 236, be the distance at which an object can be 
seen distinctly, and B, the distance at which the same object is 

FIG. 230. 




Single Microscope, 



seen through the lens, and suppose the distance of A from the 
eye, be twice that of B. Then, because the object is at half the 
distance that it was before, it will appear twice as large ; and 
had it been seen one-third, one-fourth, or one-tenth its former 
distance, it would have been magnified three, four, or ten times, 
and consequently its surface would be increased 9, 16, or 100 
times. 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
few threads of spun glass in a flame of alcohol. Small globules 
of water placed in an orifice through a piece of tin, or other 
thin substance, will also make very powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or twelfth 
part of an inch from the lens, and therefore the eye, as well as 
the object to be magnified, must be brought very near the 
instrument. 

81. Compound Microscope. — This consists of two convex 
lenses, by one of which the image is formed within the tube of 
the instrument, and by the other this image is magnified as 
seen by the eye ; eo that by this instrument the object itself is 
not seen, as with the single microscope, but we see only its 
magnified image. 

The small lens placed near the object, and by which its image 

80. Explain Fig. 236. How are the most powerful tingle microscopes made 1 81. How 
many lenses form the compound microscope 1 Which is the object, and which the eye- 
glass 1 Is the object seen with this instrument, or only its image 1 Explain Fig. ^ 
and show where the image is formed in this tube. 
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is.formed within the tube, is called the obfeet glass, while the 
larger one, through which the image is seen, is called the 
eye-glcua. 

This arrangement is represented at Itg. 237. The object, A, 
is placed a little beyond the focus of the object glass, B, by which 
an inverted and enlarged image of it is formed within the 
instrument at C. This image is seen through the eye-glass, D, 
by which it is again magnified, and it is at last figured on the 
retina in its original position. 




These glasses are set in a case of brass, the object glass being 
made to take out so that others of different magnifying powers 
may be used as occasion requires. 

82. Compound Microscope Complete. — The principle of th's 
instrument is only intend^ to be shown by JF^ig. 237, the 
instrument complete, ready for use, being represented by Fig, 
238. Its several parts are as follows: A, eye-glass; B, com- 
pound body, or tube ; C, objective or optical glass ; D, stage on 
which things are placed for examination ; E, mirror to reflect 
light on the object ; F, the stand, made heavy by iron or brass 
feet ; G, thumb-screw and ratchet, to adjust the object to the 
focus; H, another screw for the same purpose, only more 
minute ; I, an object for examination. 

83. Solar Microscope. — ^This consists of two lenses, one of 
^ which is called the condenser, because it is employed to con- 
centrate the rays of the sun, in order to illuminate more strongly 
the object to be magnified. The other is a double convex lens, 
of considerable magnifying power, by which the image is 
formed. In addition to these lenses, there is a plain mirror, or 
piece of common looking-glass, which can be moved in any 

83. How many lenses has the solar microscope? Why is one of the lenses of the solar 
mieroscope called the eendenter 1 
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(lirectjon, aod which reflects the rajs of the Bun on the ci 

denser. 
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The object, A, Fig. 239, being placed nearly in the focus of 
the condenser, B, is strongly illuminated, in consequence of the 
rays of the sun being thrown on B, by the mirror, C. The 
object is not placed exactly in the focus of the condenser, because, 
in most cases, it would soon be destroyed by its heat, and be- 
cause the focal point would illuminate only a small extent of 
surface, but may be exactly in the focus of the small lens, D, by 
which no such accident can happen. The lines, O 0, represent 
the incident rays of the sun, which are reflected on the con- 
denser. 

When the solar microscope is used, the room is darkened, 
the only light admitted being that which is thrown on the ob- 
ject by the condenser, which light passing through the small 
lens, gives the magnified shadow, E, of the small object. A, on 
the wall of the room, or on a screen. The tube containing the 
two lenses is passed through the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object itself is not 
seen, but only its shadow on the screen, and it is not designed 
for the exammation of obaque objects. 

When the small lens of iJie solar microscope is of great mag- 
nifying power, it presents some of the most striking and curious 
of optical phenomena. The shadows of mites from cheese, or 
figs, appear nearly two feet in length, presenting an appearance 
exceedingly formidable and disgusting ; and tJae insects from 
common vinegar appear eight or ten feet long, and in perpetual 
motion, resembling so many huge serpents. 

TELE8C0PR. 

84, The Telescope ia an optical instrument, employed to view 
distant bodies^ and in effect to bring them nearer the eye, by in- 
creasing the apparent angles under which such objects are seen. 

These instruments are of two kinds, namely, refracting and 
reflecting telescopes. In the fii*st kind, the image of the object 
is seen with the eye directed toward it ; in the second kind, the 
image is seen by reflection from a mirror, while the back is 
toward the object, or by a double reflection, with the face 
toward the object. 

The telescope is the most important of all optical instruments, 
since it unfolds the wonders of other worlds, and gpves us the 
means of calculating the distances of the heavenly bodies, and 

84. What is a teleioope ? How many kinds of talasoopet are mentiooed 1 What it 
the diftranoe between them ? In what reepeet doee the refiaoting tajirwoone diAr ftom 
|h« oompoqad mieroaeope ? 
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of explaining their phenomena for astronomical and nautical 
purposes. 

The principle of the telescope will be readily comprehended 
after what has been said concerning the compound microscope, 
for the two instruments differ chiefly in respect to the place of 
the object lens, that of the microscope having a short, while 
that of the telescope has a long, focal distance. 

86. Refracting Telescope. — The most simple refracting 
telescope consists of a tube, containing two convex lenses, the 
one having a long, and the other a short focal distance. (The 
focal distance of a double convex lens, it will be remembered, is 
nearly the center of the sphere, of which it is a part. 56.) 
These two lenses are placed in the tube, at a distance from each 
other equal to the sums of their two focal distances. 



FIG. 240. 
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Principle of the Telescope. 

Thus, if the focus of the object glass. A, Fip. 240, be eight 
inches, and that of the eye-glass, B, two inches, then the distance 
of the sums of the foci will be ten inches, and, therefore, the 
two lenses must be placed ten inches apart ; and the same rule 
is observed, whatever may be the focal lengths of any two 
lenses. 

Now, to understand the effect of this arrangement, suppose 
the rays of light, C D, coming from a distant object, as a star, 
to fall on the object glass, A, in parallel lines, and to be re- 
fracted by the lens to a focus at E, where the image of the star 
will be represented. The image is then magnified by the eye- 
glass, B, and thus, in effect is brought near the eye. 

All that is effected by the telescope, therefore, is to form an 
image of a distant object, by means of the object lens, and then 
to assist the eye in viewing this image as nearly as possible by 
the eye lens. 

It is, however, necessary here to state, that by the last figure, 

85. How is the most limple refraoting telesoope formed 1 Which ii the object, and 
vhieb the eye leni, in Fis. 240? What is the rule by which the distance of the two 

Esses apart is found 1 How do the two glasses act, to bring an object near the eyel 
plain Fig; 241, and show how the object conies to be inverted by the two leases 
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the principle only of the telescope is intended to be explained, 
for in the common instrument, with only two glasses the image 
appears to the eje inverted. 

The reason of this will be seen by th^ next figure, where the 
direction of the rays of light will show the position of the image. 




Prine^ of the TeUaeope. 

Suppose A, Fig, 241, to be a distinct object from which pen- 
cils of rays flow from every point toward the objecWens, B. 
The image of A, in consequence of the refraction of the rays 
by the object lens, is inverted at C, which is the focus of the 
eye-glass, D, and through which the image is then seen, still 
inverted. 

86. Spy-glass. — ^The inversion of the object is of little conse- 
quence when the instrument is employed for astronomical pur- 
poses, for since the forms of the heavenly bodies are spherical, 
their positions, in this respect, do not aifect their general ap- 
pearance. But> for terrestrial purposes, this is manifestly a great 
defect, and therefore those constructed for such purposes, as 
ship,' or spy-glasses, have two additional lenses, by means of 
which, the images are made to appear in the same position as 
the objects. These are called double telescopes. 

Such a telescope is represented at Fig. 242, and consists of 
an object glass, and three eye-glasses, B O and D. The eye- 
glasses are placed at equal distances from each other, so that 
the focus of one may meet that of the other, and {hus the 
image formed by the object lens, will be transmitted through 
the other three lenses to the eye. The rays coming from the 
object, O, cross each other at the focus of the object lens, and 
thus form an inverted image at F. This image being also in 
the focus of the first eye-glass, B, the rays having passed through 
this glass become parallel, for we have seen in another place, 
that diverging rays are rendered parallel by refraction through a 
convex lens. The rays, therefore, pass parallel to the next lens, 

86. How is the invenion of th« object corrected 1 Explain Fig. S42, und show why 
the two additioaal lenaei make the image of the object erect. Does the addition of 
these two lenses make any difference with the apparent magnitude of the object. 
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0, by which they are made to converge, and cross each other, 
and thus the ima^ is inverted, and made to assume the original 
position of the object, 0. Laativ, this image, being in the focus 
of the eye-glass, D, is seen in the natural position. 



Routing TeUttope. 

Thft^parent tnagnitude of the object is not changed by 
these two additional glasses, but depends, as in Fig. 240, on 
the magnifying power of the eye and object lenses ; these two 
glasses being added merely for the purpose of making the image 
appear erect. 

87. Reflbctino Tblbsoopb. — The common reflecting tele- 
scope consists of a large tube, contuning two concave reflectiDg 
mirrors, of different sizes, and two eye-glasses. The object is 
first reflected from the large mirror lo the small one, and &om 
the small one, through the two eye-glasses, where it is then seen. 

In corapariDg the advantages of the two instruments, it need 
only be stated, that the refractiiig telescope with a focal length 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred timw. 

The principle and construction of the reflecting telescope will 
be understood by Fig. 243, Suppose the object, O, to be at 
such a distance, that tbe rays of light from it pass in parallel 
lines, F P, to the great reflector, R B. This reflector being 
concave, the rays are converged by reflection, and cross eaM 
other at A, by which the image i? inverted. The ravs then 
pass to the small mirror, B, which being also concave, tkey are 
thrown back in nearly parallel lines, and having passed the 
aperture in the center of the great mirror, M on the plano- 
convei Jens, E. By this lens they are refracted to a focus, and 

•Jiantagn of Iha nfiiKtiiig om Die refnctinc lelaKDpe t Eipliin Fif. 343, ud duw 
lb* cDnna of tba itjt nnm lb« alijta b> um eje. Y/bj it Ux HntU minot in thii 
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croB8 each other between E and D, and thus the image is again 
inverted, and brought to its original position, or in the position 
of the object The rays then passing the second eye-glass, form 
the image of the object on the retina. 



no. 343. 




F ^ 



k 
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The large mirror in this instrument is fixed, but the small 
one moves backward and forward, by means of a screw, so as to 
adjust the image to the eyes of different persons. Both mirrors 
are made of a composition, consisting of several metals melted 
together. 

88. One ffreat advantage which the reflecting telescope pos- 
sesses over tne refracting, appears to be, that it admits of an 
eye-glass of shorter focal distance, and, consequently, of greater 
magnifying power. The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rAya are dispersed, and others colored by refraction. 
This difficulty does not occur in the reflected image from the 
metallic mirror of the reflecting telescope, and consequently it 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Gregory^ % telescope^* 
because some parts of the arrangement were invented by Dr. 
Gregory. 

89. Lord Rosss's Telescope. — ^Dr. Herschel's telescope was 
the largest ever constructed until recently, when a young noble- 
man of fortune in Ireland, Lord Bosse, being led by an 
inventive genius, and having, it appears, a degree of enterprise 
not to be deterred by difficulties, projected the plan of building 
a telescope of a size and power hitherto unknown in the world. 

The following account of the ^ Monster Telescope," as it has 
been called, is taken from that of Thomas Dick, LL. D., con- 
tained in his worEs. 

It appears that the possibility of casting a speculum, or 

88. What if the advantage of the reflecting telescope in respect to the eye-glaM 1 80- 
Who oomtniGtad the largest telescope in the world 1 what is the size of the spaeolum 1 
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reflector for a telescope, of six feet in diameter, was entertained 
by his lordship in 1840, though others considered such an 
undertaking in the light of a chimera. But the trial being 
made through the perseverance and large expenditures of the 
projector, complete success crowned the experiment, a nearly 
perfect casting of a speculum 72 inches in diameter being the 
result. Thus the difficulty of constructing an instrument one- 
third larger than Herschel's, was at once sunnounted. 

90. Composition and Casting, — ^The composition of this 
speculum is copper and tin united very nearly in their atomic 
proportions, namely : copper 126.4, to tin 58.9 parts. A foun- 
dry was constructed expressly for this great casting, the chim- 
ney of which was 18 feet high, and 16+ feet square at the 
foundation. The crucibles for containing the fused alloy were 
of cast iron, 2 feet in diameter, and 2+ feet deep. Iron baskets, 
suspended by cranes, were so contrived as to receive the cru- 
cibles and their melted contents, and swing them to the mould 
into which, one after the other, they were poured. The mould, 
6 feet in diameter, and 5+ inches deep, was arranged in an 
exact horizontal position by means of spirit levels. The cru- 
cibles were 10 hours in the furnace before the metal was suffi- 
ciently fluid to cast. The speculum weighed 3 tons — lost one- 
eighth of an inch in thickness by grinding. 

Construction of the Tube, — The tube is 66 feet long, made 
of boards and hooped with iron. On the inside at intervals of 
8 feet, are iron rings to support the boards. Its diameter is 1 
feet, the whole being easily moved in any direction by means 
of pulleys and levers, a universal joint at the lower end being 
designed for this pmrpose. 

Wall of Support. — At a distance of 12 feet, on each side of 
the instrument is a brick wall, 72 feet long, 48 hi^h on the out- 
side, and 56 on the inside, ranging exactly on the meridional 
line. These walls have rods of iron and wood passing from one 
to the other, for the support of the telescope, as it is turned in 
different directions. "^ 

The weight of the speculum and tube, including that of the 
bed on which it is sustained, is about 15 tons. 

This being a reflecting telescope, the observer stands iif a 
gallery at the upper end, and looks into the side of the great 
tube, where the observations are made by means of a reflecting 
surface of 4,071 square inches, while Herschel's great reflector 
had a surface of only 1,811 square inches. 

The cost of this wonder of the age is 60,000 dollars. 

W. What is iU oompositian 1 Hovr much larg«r ii thii jnstrament thanHeneM*Bl 
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FIG, S43. 
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Description of the Figure, — The following description of a 
section of Lord Bosse's telescope, Fig. 244, Qiough not so per^ 
feet as could be desired, is the best we could obtain. It 
exhibits a view of the inside of the eastern wall, with the tube, 
and machinery by which it is moved. A is the mason- work on 
the ground ; 6 the universal joint, which allows the tube to 
turn in all directions ; C the speculum in the tube ; E the eye- 
piece through which the observer looks ; F a pulley by which 
the tube is moved ; H a chain attached to the pulley, and to 
the side of the tube ; I a chain running to K, to counterpoise ; 
L a lever connecting the chain M, with the tube ; Z another 
chain which passes from the upper part of the tube over a pul- 
ley at W, (not seen,) and crosses to the opposite wall ; X a 
railroad on which the speculum is drawn either to or from the 
tube. The dotted line, H, shows the course of the weight, R, 
as the tube rises or falls. The tube is moved from wall to wall 
by a ratchet wheel at R, which is turned by the lever, O, on 
the circle, N, the ends of which are fixed in the two walls. 

91. Camera Obscura. — Camera obscura strictly signifies a 
darkened chamber, because the roam must be darkened, in order 
to observe its effects, 

FIG. 346. 




Prineiple of th« Camera. 



To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the light. Then from 

91. What doM camera obfcura mean 1 Deieribe the pbenomeaa of the camera obscura 
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FIG. 347 



an aperture, sot of an inch in diameter, admit a single beam of 
light, and the images of external things, such as the trees and 
houses, and persons walking the streets, will be seen inverted 
on the wall opposite to where the light is admitted, or on a 
screen of white paper, placed before the aperture. 

92. The reason why the image is inverted will be obvious, 
when it is remembered that the rays proceeding from the 
extremities of the object must converge in order to pass through 
the small aperture ; and as the rays of light always proceed in 
straight lines, they must cross each other at the point of admis- 
sion, as explained under the article Vision, 

Thus the pencil, B, Fip. 246, coming from the foot of 
the tree, and proceeding straight, will represent the image of 
that part at B, while the lower part, D, for the same reason, will 
be represented at D. If a convex G lens, with a short tube, be 
placed in the aperture through which the light passes into the 
room, the images of things will be much more perfect, and their 
colors more brilliant. * 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation 
of a landscape, an outline of the 
image being easily taken with 
a pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica- 
tions of this ranchine, and among 
them the revolving camera ob- 
scura is the most interesting. 

It consists of a small house, 
Mp. 247, with a plane reflector, 
A B, and a double-convex lens 
B, placed at its top. The 
reflector is fixed at an angle of 
45 degrees with the horizon, so 
as to reflect the rays of light 

perpendicularly downward, and is made to revolve quite around, 
m either direction, by pulling a string. 

Now suppose the small house to he placed in the open air, 
with the mirror, A B, turned toward the east, then the rays of 
.ight flowing from the objects in that direction, will strike the 

02. Why is the image fonned by the camera obsoara inverted 1 How toAf an ootliiM 
if the image formed by the camera obteura be taken 1 Deeeribe the ifcvol^ing camera 
•bscora. 
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mirror in the direction of the hnes, O, and be reflected down 
through the convex lena, C B, to the table, E E, where they will 
form in miniature a most perfect and beantifiil picture of the 
l&ndscape in that directjon. Then, by making the reflector 
revolve, another portion of the landscape may be seen, and thus 
the objecta, in all directfoos, can be viewed at E without chang- 
ing the place of the instrument. 



93. The Magic Lantern it a mierotoope on the »amt prineiplt 
mt the Klar miterscope. — But instead of being used to magnify 
natural objects, it is comroonly employed for amusement, t^ 
casting the shadows of small transparent paindhgs done on 
glass, upon a screen placed at a proper distance. 



Mngic Laaltrn. 

94. Dacription. — For the purpose in question the lamp, L, is 
included in a dark lantern, and behind the lantern 19 the 
metallic concave reflector, M, and in front of tbis is placed » 
lai^ plano-c0Dves lens, A. In the tube of the lant«m, at C, u 
a groove to receive th« pictnres. These are of various colors, 
of thin stufl^ BO Aat the light may sHne through them, and 
thus show groups of men and animals, in their proper costumes, 
on the white screen, E F. The lens, 6, is moveable by a screw 
so as to adjust the focus to the distance required. 

OaSOHATIMg'OS THS FHILOKIFHT OF COLORS. 

QS. We have thus fer considered light as a simple bod^, and 
have supposed that all its parts were equally refracted, in its 

ja. Wlnl fc-Hw Bigio tanlBB 1 For iriul porpow h Ihh iutrmml •DploTnl 1 
"—- "- ■' ■- --■ ■-— -■ -' ■'- lig^Mn. K. Wl»iiii*«h»ilK!r«i)r 
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passage, through the several lenses described. But it will now 
D<3 shown that light is a compound body, and that each of its 
rays, which to us appear white, is composed of several colors, 
and that each color suffers a different degree of refraction, when 
the rays of light pass through a piece of glass, of a certain shape. 
This was a discovery of Sir Isaac Newton. 

96. Solar Spectrum. — If a ray, proceeding from the sun, 
be admitted into a darkened chamber, through an aperture in 
the window shutter, and allowed to pass through a triangular 
shaped piece of glass, called a prism, the light will be decom- 
posed, and instead of a spot of white, there will be seen, on the 
opposite wall, a most brilliant display of colors, including all 
those seen in the rainbow. 



FIG. 240. 







Solar Spectrum. 



Suppose S, Fig. 249, to be a ray from the sun, admitted 
through the window shutter, A, in such a direction as to fall on 
the floor at 0, where it would form a round, white spot. Now, 
on interposing the prism, P, the ray will be refracted, and at 
the same time decomposed, and will form on the screen, M N, 
an oblong figure, containing seven colors, which will be situated 
in respect to each other, as named on the figure. 

It may be observed, that of all the colors the red is least 
refracted, or is thrown the smallest distance from the direction 
of the original sunbeam, and that the violet is most refracted, 
or bent out of that direction. 

This oblong image containing the colored rays, is called the 
solar or prismatic spectrum, 

91. Becomposition of White Light . — ^That the rays of the 

96. In wBTat manner, and by what meant, is light deoomposed 1 What are the prb- 
matic cobra, and how do they ■uceeed each other \n the spectram 7 Which color ia f»- 
ftaoted most and which leart 1 
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fiun are composed of the several colors above named, is suffi- 
ciently evident by the fact, that such a raj is divided into these 
several colors by passing through the prism, but in addition to 
this proof, it is found by experiment, that if these several colors 
be blended or mixed together, white will be the result. 

This may be done by mixing together seven powders whose 
colors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each color in the spec- 
trum. When this is done, it will be found that the resulting 
color will be a grayish white. A still more satisfactory proof 
that these seven colors form white, when united, is obtained by 
causing the solar spectrum to pass through a lens, by which 
they are brought to a focus, when it is found that the focus will 
be the same color as it would be from the original rays of the 
sun. 

98. Othei* Means of Decomposing Light. — ^The prism is not 
the only instrument by which light can be decomposed. A 
soap bubble blown up in the sun will display most of the pris- 
matic colors. This is accounted for'^by supposing that the sides 
of the bubbles vary in thickness, and that the rays of light are 
decomposed by these variations. The unequal surface oi mother 
cf pearly and many other shells, send forth colored rays on the 
same principle. 

Two surfaces of polished glass, when pressed together, will 
also decompose the light. Rings of colored light will be 
observed around the point of contact between the two surfaces, 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking-glass, 
pressed together with the fingers, will display most of the 
prismatic colors. 

99. A variety of substances, when thrown into the form of 
the triangular prism, will decompose the rays of light, as well 
as a prism of glass. A very common instrument for this pur- 
pose is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edges cemented with putty, so as to make the whole water- 
tight When this is filled with water, and held before a sun- 
beam, the solar spectrum will be formed, displaying the same 
colors, and in the same order as that above described. 

97. When the several prMmatic colon are blended, what color ii the result 1 When 
the solar spectrum is made to pass throngh a lens,wbat is the color of the focus ? How 
do we learn that each colored ray has a refractive power of its own ? 98. Bv what other 
means besides the prism, can the rays of lieht be decomposed ? How may light be decom- 
posed by two pieces of glass 7 99. Of what substance may prisms be formed, besides 
glass 1 

34 



100. JUeompotition cf Light by a Circle. — On this subject, a 

curious and sstisfactory experiment may be made by means of 
a dark center, and circle, with 
diviaiona between them, repre- iiG.aso. 

senting the proportions of the 
prismatic rays, and colored to 
imitate them. The letters, 
Fig. 250, show the different 
colors of the seven rays, and 
the spaces they severally oc- 
cupy, 

101. Now if this card, thus 
colored, be placed on a spindle 
and made to turn rapidly, the 
seven colore will entirely die- 
appear, and ft dull white only 

will be presented to the eye, fl™..^''™ i^ /-(f*^ 

instead of them. 

102. Explanation — Any color remains for an instant on the 
eye after it is covered, or removed, Mid hence a fire-brand 
whirled rapidly appears a circle of fire. Two revolving colors 
will thus be so blended as to seem a medium between them ; 
thus if all the colors on the card are covered, ejicept the yellow 
and red, they will appear orange. And if all the prismatic 
tints are blended, whether in the form of powder, or propor- 
tionate colored, revolving surfaces, tliey produce white. 



103. The rainbow was a phenomenon, for which the uncients 
were entirely unable lo account ; but after the discovery that 
tight is a compound principle, aud that its colors may be separ- 
ated by various substances, the solution of this phenomenon 
became eftsv. 

Sir Isaac Newton, after his great (Jiscovefy bf the compound 
nature of light, and the different refrangibility of the .colored 
raya, was aWe to explain the rainbow on optical principles. 

104. If a glass gtolie be suspended in a room, where the rays 
of the sun can foil upon it, the light will be decomposed, or 
separated into several colored rays, in the same manner as is 

IN. Fnr»lu(arat)HdiTiiio»af Ibe<iirdg.FlE.£iD.lnl«idBdI Wlul li uM tob* 

iluceditlKn all Uie priimitli: tinU aremiiid or r<vr>lT«il 102. WhalktlHaipluiii- 
tion 1 Whit discovsTT pnneded Ihc tiplinatlDii of ths niDbow ) WlmSnt upUinad 
tlH ntDbonoDOptied Hinciplul JOi. Wh;d<>« nol a iIhh iTdIm farm ■ win dsSiMd 
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done by the prism. A well defined spectrum will not, however, 
be formed by the globe, because its shape is such as to disperse 
some of the rays, and converge ^others ; but the eye, by taking 
different positions in respect to the globe, will observe the 
various prismatic colors. Transparent bodies, such as glass and 
water, reflect the rays of light from both their surfaces, but 
chiefly from the second surface. That is, if a plate of naked 
glass be placed so as to reflect the image of the sun, or of a 
lamp, to the eye, the most distinct image will come from the 
second surface, or that most distant from the eye. The great 
brilliancy of the diamond is owing to this cause. It will be 
understood directly, how this principle applies to the explana- 
nation of the rainbow. 

1 05. How the Bow _. fig. 25i. 

M Formed, — Sup- 
pose the circle, A B 
C, Fig. 261, to rep- 
resent a globe, or a 
drop of rain, for each 
drop of rain, as it 
falls through the air, 
is a small globe of 
water. Suppose also, 
that the sun is at S, 
and the eye of the 

spectator at £. Now, ^ How the Bow is Formed. 

it has already been 

stated, (104,) that from a single globe, the whole solar spec- 
trum is not seen in the same position, but that the different 
colors are seen from different places. Suppose, then, that a ray 
of light from the sun, S, on entering the globe at A, is separated 
into its primary colors, and at the same time the red ray, which 
is the least refrangible, is refracted in the line from A to B. 
From the second^ or inner surface of the drop, it would be 
reflected to C, the angle of reflection being equal to the angle 
of incidence. On passing out of the drop, its refraction at C, 
would be just equal to the refraction of the incident ray at A, and 
therefore the red ray would fall on the eye at E. All the other 
colored rays would follow the same law, but because the angles 
of incidence and those of reflection are equal, and because 
the colored rays are separated from each other by unequal 

i05. Explain Fife. 351, and show the difibrent refractions, and the reflection concerned 
in forming th#*-fmbew. In the case supposed, why will only the red ray meet the eye t 
Snppose a person looking at the rainbow, moves his eye, will be see the same colors from 
the same drop of rain 1 
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refraction, U is obnons, that if the red ray entera the eye at B, 
none of the other colored rays could be seen from the same point. 

But in a shower of raia, there are drops at all heights and 
distances, and though they perpetually change their placen, in 
respect to the sun and the eye, as they &11, stJll there will be 
many which will be in snch a position as to reflect the red rays 
to the eye, and as many more to reflect the yellow rays, and so 
of all the other colors. 

106. The Jiainbow CompltU. — This will be made obvious by 
I'iff. 252, where, to avoid confusion, we will suppose that only 
three drops of fain, and, consequently, only three colors are to 

The numbers, 3 3, are the rays of the suni proceeding to the 
drops, ABC, and from which these raya are reflected to the 
eye, making different angles with the horizontal line, F, 
because one colored ray is refracted more than another. Now, 
suppose the red ray only reaches the eye from the drop, A, the 
green from the drop, B, and the violet from the drop, C, then the 
spectator would see a minute rainbow of three colors. But 
during a shower of rain, all the drops which are in the position 
of A, in respect to the eye, would send forth red raya, and no 
other, while those in the 

position of B, would emit ^^- ^>^ 

green rays, and no other, ' 

and those in the position 

of C, violet rays ; and 80 • 

of all the other prismatic 
colors. Each circle of 
colors, of which the rain- 
bow is^ormed, is there- 
fore composed of reflec- 
tions from a vast number 
of difierent drops of rain, 
and the reason why these 
colors are distinct to our 
senses, is that we see only 
one color from a single 
drop, with the eye in flie 
same position. It follows, 

then, that if we change xmnisu. 

»ur position, while loolt- 

1<M, Emliin Fii. 3S9, and >haw ohj wa •» dilftreol solan rnra difRnjil dnpi of 
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ing at a rainbow, we still see a bow, but not the same as before, 
and hence, if there*are many spectators, they will all see a dif- 
ferent rainbow, though it appears to be the same. 

The letters, D E F, represent the secondary bow, which is 
always paler than the primary, because in this the rays of light 
suffer two refractions, and two reflections, while in the primary 
there are two refractions, but only one reflection. 

COLORS OF OBJECTS. 

107. Oohr Depends on Absorption and Reflection, — ^It 
appears that the colors of all bodies depend on some peculiar 
property of their surfaces, in consequence of which, they absorb 
some of the colored rays, and reflect the others. Had the sur- 
feces of all bodies the property of reflecting the same ray only, 
all nature would display the monotony of a single color, and 
our senses would never have known the charms of that variety 
which we now behold. 

108. To account for such a variety of colors as we see in dif- 
ferent bodies, it is supposed that all substances, when made suf- 
ficiently thin, are transparent, and, consequently, that they 
transmit through their surfaces, or absorb, certain rays of light, 
while other rays are thrown back, or reflected. Gold, for ex- 
ample, may be beat so thin as to transmit some of the rays of 
light, and the same is true of several of the other metals, which 
are capable of being hammered into thin leaves. It is, there- 
fore, most probable, that all the metals, could they be made suf- 
ficiently thin, would permit the rays of light to pass through 
them. Most, if not quite all mineral substances, though, in the 
mass, they may seem quite opaque, admit the light through 
their edges, when broken, and almost every kind of wood, when 
made no thinner than writing-paper, becomes translucent. Thus, 
we may safely conclude, that every substance with which we are 
acquainted, will admit the rays of light, when made sufficiently 
thin. 

109. Transparent Substances, — Transparent, colorless sub- 
stances, whether solid or fluid, such as glass, water, or mica, 
reflect and transmit light of the same color ; that is, the light 
seen through these bodies, and reflected from their surfaces, is 
white. This is true of all transparent substances under ordinary 

circumstances ; but, if their thickness be diminished to a certain 

. • 

107. Qp what do the colon of bodies depend ? Suppoie all bodies lefleoted the same 
ray, what would be the oonseqneoce io regard to color 1 106. How is the varieW of 
eoloTB accounted for, bv considering all bodies transparent 1 109. What ii laidorth* 
leilection of colored lif nt by transparent substances i 

24* 
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extent, these substances will both reflect and transmit colored 
lighL of various hues, according to their thfbkness. Thus, the 
thin plates of mica, which are left on the fingers after handling 
that substanpe will reflect prismatic rays of various colors. 

110. From such phenomena Sir Isaac Newton concluded, 
that air, when below the thickness of half a millionth of an inch 
ceases to reflect light ; and, also, that water when below the 
thickness of three-eighths of a millionth of an inch^ ceases to 
reflect light. But, that both air and water, when their thick- 
ness is, in a certain degree, above these limits, reflect all the 
colored rays of the spectrum. 

111. From a great variety of experiments on this subject. Sir 
Isaac Newton concludes that the transparent parts of bodies, 
according to the sizes of their transparent pores^ reflect rays of 
one color, and transmit those of another, for the same reason 
that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb or transmit 
others, and that this is the cause of all their colors. 



CHAPTER XII 

ASTRONOMY. 



112. This term is compounded of the Greek astra, the stars, 
and nom>o8, a law ; and, hence, signifies the laws of the celestial 
bodies. 

Astronomi/ is that science which treats of the motions and 
appearance of the heavenly bodies ; accounts for the phenomena 
which these bodies exhibit tons ; and explains the laws by which 
their motions, or apparent motions, are regulated. 

Astronomy is divided into Descriptive, Physical, and Prac- 
tical. 

Descriptive astronomy demonstrates the magnitudes, distances, 
and densities of the heavenly bodies, and explains the phenom- 
ena dependent on their motions, such as the change of seasons, 
and the vicissitudes of day and night. 

Physical astronomy explains the theory of planetary motion, 
and the laws by which this motion is regulated and sustained. 

109. What substance is mentioqed as illastrating^ tbii fact ? 110. What is the eonclu- 
sion of Sir Isaac Newton conoerning^ the tenuity at which water and air cease to reflect 
light 1 11 1. What is said of the porous nature of the solid bodies 1 113. What is astro- 
nomy 1 How is astronomy dividedl What does descriptive aatronomy teach ? What 
it tM object of physical astronomy t 
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Practiced astronomy details the description and use of astro- 
nomical instrumentif and develops the nature and application of 
astronomical calculations. 

The heavenly bodies are divided into three distinct classes, or 
systems, namely, the solar system, consisting of the sun, moon, 
and planets ; the system of the Jixed stars ; and the system of 
the comets. 



THE SOLAR STBTSM. 



113. The Solar System, consists of the Sun, and sixty-three 
other bodies, including the satellites, which revolve around him 
at various distances, and in various periods of time. 

These bodies, being perpetually in motion, are called planets, 
from a Greek word, signifying wanderers, and they are distin- 
guished, with reference to their centers of revolution, into pri- 
mary and secondary. 

114. The Primary planets are those which revolve around 
the sun, as their proper center. These are twelve in number ; 
that nearest the sun being Mercury, the others follow in succes- 
sion, thus: Venus, Earth, Mars, Vesta, Ceres, Pallas, Juno, 
Jupiter, Saturn, Herschel or Uranus, and Neptune. 

115. The Secondary planets are those which move round the 
primaries, as these move round the sun. Of these, there are 
twenty, called also moons, or satellites. These, as we shall see, 
like their primaries, complete their revolutions at various periods 
of time. 



PRIMARY PLANETS. 



Namet 


Diameter 


or 


ip Eng'lish 


tbePlaneta, 


milo. 


Mercary, 


3,234 


Venus, 


7,687 


The Earth, 


7,912 


Mara, 


4,189 


Vesta, 


338 


Ceres, 


163 


Pallas, 


80 


Judo, 


1,425 


Jupiter, 


89,170 


Saturn, 


79,042 


Heraehel, 


36,112 


Neptune, 


35,000 



Dutaoeeii 
from tbe Sun in 
Emf^liah miles. 



37,000,000 

68,000,000 

95,000,000 

144,000,000 

235.000,000 

360,000,000 

366,000,000 

375,000,000 

490,000,000 

900,000,000 

1,800,000,000 

3,850,000,000 



Rerolutioo 

round 
the Sun. 



Periods of rerolution 
I on their own 
axea. 



Days. 
88 
2243 



687 

1,335 

1,681 

1,680 

2,008 

4,330^ 

10,746l 

30,637| 

166 ys. 



Days. Hn. M« 
15 5 



S 





1 
1 



23 21 

39 



UnknoMrn. 

1 3 
9 56 
10 16 
7 

Uokoown. 



HourljT 
motion u 



110,000 
80,000 
68,000 
55,000 
45,000 
41,000 
41,000 
45,000 
36,000 
22,000 
15,000 
Unknown. 



NoT«.— The above table, taken from the last London (Prof. HdbWn^s) edition of our 
Philosophy, is believed to be correct, according to the most recent observations. It wU! 

112. What it practical astronomv 1 How are the heavenly bodies divided 1 113. Of what 
does the sohir system consist 1 114. What are the bodies called which revolve around the 
Ban as a center 1 115. What are those planeta called which revolve around these prima 
neeasacenltrl 
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be nen that, in Um dflaeriptions of the planets, ronnd nnmben an fenerany employed, aa 
being more easily remembered ; also, that the periodic reTol||tioas of the planets are given 
in years, days, and hours, instead of days only, as in the table. 

116. The foregoing tabular Tiew of the primary planets ex- 
hibits their respective diameters ; their distances from the sun ; 
the periods of their revolutions round the sun ; the periods of 
their revolutions round their axes, where this is known ; and 
their hourly motion through their several orbits. 

117.-4 Jear, what — ^A year consists of the time which it 
takes a planet to perform one complete revolution through its 
orbit, or, to pass once around the Sun. Our Earth performs 
this revolution in about 365 days, and, therefore, tiiis is the 
period of our year. Mercury completes his revolution in 88 
days, and, therefore, his year is no longer than 88 of our days. 
But, the planet Herschel is situated at such a distance from the 
Sun, that his revolution is not completed in less than about 84 
of our years. The other planets complete their revolutions in 
various periods of time, between these ; so that, the time of these 
periods is generaUy in proportion to the distance of each planet 
from the Sun. 

118. Besides the above enumerated primary planets, our sysr 
tem contains twenty secondary planets, or moons. Of these, 
our Earth has one moon, Jupiter four, Saturn eight, and Her- 
schel six. None of these moons, except our own, and one or 
two of Saturn's, can be seen without a telescope. The seven 
other planets, so far as has been discovered, are entirely with- 
out moons. 

119. All the planets move around the sun, from west to east 
and, in the same direction do the moons revolve around their 
primaries, with the exception of those of Herschel, which appear 
to revolve in a contrary direction. 

NEW PLANETS AND Affl^KOIDf. 

With the exception of Uranus, or Herschel, and Neptune, 
these planets are called Asteroids, meaning star-like^ or more 
recently, Planetoids, planet-like, on account of their diminutive 
sizes, and, in order to distinguish thenlfrom the larger planets. 

120. Mr. Hind proposed Victoria, or Clio, for the name of the 
planet which he discovered on the 13th of September, and, at 
first, the name, of the Queen was adopted by many foreign aa^ 

116. In what order are the several planets situated in respect to the Sun 1 How Ion* 
does it take each planet to make its revolution around the Sun 1 117. What is a yeeri 
118. How many moons does our system contain ? Which of the planets are attenmd by 
moons, and how many has each 1 119. In what direction do the planets mov* 
the San 1 190. What is said with respect to the names of the planete 1 
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tronotnerB. But, it Beema that (he adentific world h&ve long 

UDC« refiised to name plaaets after their dtscorerera, or their 
patrons, or, indeed, aHor any mortal individual, choosing to adopt 
for them the names of heathen deities, thus following the au- 
cient custom in this respect. 

121. The following table contains the names of the new 
planets and asteroids, with the date, place of discovery, the name 
of the discoverer, and their distances from the sun. 



The preceding table is taken from the London Illustrated 
Almanac for 1856. " 

122. Nutnher of IfewVr Recently Discovered CeUttial Bodiei. 
— In our former edition, the solar Bystein was stated to consist 
of the Sun and twenty-nine bodies revolving around him. At 
the present time, the number has increased to sixty-three, viz.. 
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the planet Neptune and thirty three Asteroids, names and dates 
of discovery of which are contained in th^ preceding tahle. It 
has heen stated, also, that an eighth satellite of Saturn has 
been discovered; but, of this we have obt£uned no certain 
account. {See errata.) 

The power and perfection of new astronomical instruments, 
will probably, lead to further celestial discoveries, of which the 
world at present can have no conception. 

123. The radius of the Earth's orbit, in these computations, 
is. assumed to be 95,000,000 of miles. 

Observations. — ^The periods of the revolutions of many of the 
recently discovered Asteroids have not been determined. We 
have, therefore, allowed the old ones to remain in the table with 
the Planets, as in the former eflition. 

124. Orbits of the Planets. — ^The paths in which the 
planets move round the Sun, and, in which the moons move 
round their primaries, are called their orbits. These orbits are 
not exactly circular, as they are commonly represented on paper, 
but are elliptical or oval, so that all the planets are nearer the 
Sun, when in one part of their orbits than when in another. 

In addition to their annual revolutions, some of the planets 
are known to have diurnal or daily revolutions, like our Earth. 
The periods of these daily revolutions have been ascertained, in 
several of the planets, by spots on their surfaces. But, where 
no such mark is discernible, it can not be ascertained whether the 
planet has a daily revolution or not, though this has been found 
to be the case in every instance where spots are seen ; and, there- 
fore, there is little doubt but all have a daily as well as a yearly 
motion. 

125. The axis of a planet is an imaginary line, passing through 
its center, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

The orbits of Mercury and Venus are within that of the 
Earth, and, consequently, they are called inferior planets. The 
orbits of all the other planets are without, or exterior to that of 
the Earth, and these are called superior planets. 

126. That the orbits of Mercury and Venus are within that 
of the Earth, is evident from the cijibmstance that they are 
never seen in opposition to the sun, that is, they never appear 
in the west when the Sun is in the east On the contrary, the 

123. In the above table what is the estimated distance of the San 1 134. What is tha 
orbit of & planet ? What revolutions have the planets, besides their yearly revolations 1 
Have all tne planets diurnal revolutions ? How is it known that the planets have daUy 
revolutions 1 125. V^at is the axis of a planet 1 What is the pole of a planet % Whioh 
are the superior, and which the inferior planets ? 
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orbits of all the other planets are proved to be outside of the 
Earth's, since these planets are sometimes seen in opposition to 
the Sun. 

This will be understood by Fig, 253, where suppose S to be 
the Sun, M the orbit of Mercury or Venus, E the orbit of the 
Earth, and J that of Jupiter. Now, it is evident, that if a 
spectator be placed any where on the Earth's orbit, as at E, he 
may sometimes see Jupiter in opposition to the Sun, as at J, 
because then the spectator would be between Jupiter and the 
Sun. But the orbit of Venus, being surrounded by that of the 
Earth, she can never come in opposition to the Sun, or in that 
part of the heavens opposite to him, as seen by us, because our 
Earth never passes between her and the Sun. 



FIG. 353: 



PIG. 254. 
D 




EiipHeal OrUL 



Orbits of th» PlaneU. 



127. Orbits Elliptical. — It has already been stated, that the 
orbits of the planets are elliptical, (124) and that, consequently, 
these bodies are sometimes nearer the Sun than at others. An 
ellipse, or oval, has two foci, and the Sun, instead of being in 
the common center, is always in the lower focus of his-orbit. 

The orbit of a planet is represented by Fig, 254, where A D 
B E is an ellipse, with its two foci, S and 0, the Sun being in 
the focus, S, which is called the lower focus. 

When the Earth, o^iany other planet, revolving round the 
Sun, is in that part of its orbit nearest the Sun, as at A, it is 
said to be in its perihelion ; and when in that which is at the 

196. How is it proved that the inferior planets are within the Earth*8 orbit, and the 
•nperior ones without it? Explain Fi^. 253, and show why the inferior planets 
never ean be in opposition to the San. 127, What are the shapes of the planetary 
orbits t What is meant by perihelion 1 What by aphelion 1 
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greatest distance from the Sun, as at B, it is said to be in its 
aphelion. The line, S D, is the mean, or average distance of a 
planet's orbit from the Sun. 

128. Ecliptic. — ^The planes of the orbits of all the planets 
pass through the center of the Sun. The plane of an orbit is 
an imaginary surfSace, passing from one extremity, or side of the 
orbit, to the other. If the rim of a drum head be considered the 
orbit, its plane would be the parchment extended across it, on 
which the drum is beaten. 

Let us suppose the Earth's orbit to be such a plane, cutting 
the Sun through his center, and extending out on every side to 
the starry heavens ; the great circle so made, would mark the 
line of the ecliptic^ or the Sun's apparent path through the 
heavens. ^ 

This circle is called the Sun's apparent patli, because the rev- 
olution of the Earth ^ves the Sun the appearance of passing 
through it It is called the ecliptic, because eclipses happen 
when the Moon is in, or near, this apparent path. 

129. Zodiac. — The Zodiac is an imaginary belt^ or broad 
circle, extending quite around the heavens. The ecliptic divides 
the zodiac into two equal parts, the zodiac extending 8 degrees 
on each side of the ecliptic, and therefore is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the signs of the 
zodiac, 

130. The sun appears every year fig. 255. 
to pass around the great circle of 
the ecliptic, and consequently, 
through the 12 constellations, or 
signs of the zodiac. But it will be 
seen, in another place, that the Sun, 
in respect to the Earth, stands still, 
and that his apparent yearly course 
through the heavens is caused by 
the annual revolution of the earth * 
around its orbit. 

To imderstand the cause of 
this deception, let us suppose that 
S, Fig, 255, is the Sun, A B, a part 
of the circle of the ecliptic, and C " 
D, a part of the Earth's orbit. Now zodiac 

if a spectator be placed at C, he will 

128. What is the plane of an orbit ? Explain what is meant by the eoliptie. Why 
is the ecliptic called the Sun's apparent path 1 139. What is the nxliaol How does 
iie ecliptic divide the zodiac ? How far does the zodiac extend on each side of theeeliptiet 
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see tbo Sun in that part x)f the ecliptic marked by B, but when 
the Earth moves in her annual revolution to D, the spectator 
will see the Sun in that part of the heavens marked by A ; 
so that the motion of the Earth in one direction, will give the 
Sun an apparent motion in the contrary direction. 

131. Constellations. — A sign or constellatum^ is a col- 
lection of fixed stars, and as we have already seen, the 
Sun appears to move through the twelve signs of the 
zodiac every year. Now, the Sun's place in the heavens, or 
zodiac, is found by his apparent conjunction, or nearness»to any 
particular star in the constellation. Suppose a spectator at C, Fig. 
255, observes, the Sun to be nearly in a line with the star at B, 
then the Sun would be near a particular star in a certain con- 
stellation. When the Earth moves to D, the Sun's place would 
assume another direction, and he would seem to have moved 
into another constellation, and near the star, A. 

132. Each of the twelve signs of the zodiac is divided into 30 
smaller parts, called degrees ; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds. 

The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
among astronomers, any star, in each constellation, may be de- 
signated by describing the part of the animal in which it is 
situated. Thus, by knowing how many stars belong to the con- 
stellation Leo, or the Lion, we readily know what star is meant 
by that which is situated on the Lion's ear or tail. 

133. Names of the Signs. — The names of the 12 signs of 
the zodiac are, Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricorn, Aquarius, and Pices. The 
common names, or meaning of these words, in tlie same order, 
are, the Ram, the Bull, the Twins, the Crab, the Lion, the Vir- 
gin, the Scales, the Scorpion, the Archer, the Goat, the Waterer, 
and the Fishes. 

130. Explain Fig. 255, and show why the Sun seemi to pen through the ecliptic, when ^ 
Earth only revolvet around the Sun. 131. What is a constellation or sign t How is the 
Son*! apparent place in the heavens found 1 132. Into how many parts are the signs of 
the Kodiac divided, and what are these parts oidled 1 Is there any resemblance between 
the places of the stars, and the figures or the animals after which they are called ? Ex- 
l^n why this is a convenient method of finding any particular star in a sign ? 133. What 
are the names of the twelve signs ? 

S5 



sign! tf t\a ZaiHac. 

134. Figures of the Zodiac. — The im^naiy figures, lepre- 
senting tbe 12 Signs of the zodiac, are delineated in Fiy. 266, 
with tie rays of the Sun in the center. 

136. DENSiTr OF THE) Planbts.— AstronomeM hare no 
means of ascertaining nhether the planets Im composed of the 
same l<ind of matter as our Earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, how- 
ever, been able to ascertain the densities of aeMral of them, by 
observations on their mutual attraetion. By dennty, is meant 
compactness, or the quantity of matter in a given space. (72.) 
When two bodies are of equal bulk, that which weighs mos^ 
has the greatest density. It was shown, while treating of the 
properties of bodies, that substances attract each other in pro- 
portion to the quantities of matter {hey contain. (132.)- I^ 
therefore, we know the dimensions tof several liodies, and can 
a»certmn the proportits in which they attract each other, thcdr 
quantities of matter, or densities, are easily found. 

135. How hu th< imtitj of ibg plsnaii bmi ucHUiDad t VnaX it nHul br 4aa- 
>itrT In whftt propartion do bodtflt attnot «ach olhoi 1 
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136, Thus, when the planets pass each other in their cireuiti 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance &om this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is found 
that one of them is attracted twice as far out of its orbit as the 
other, then, by the known laws of gravity, it would be inferred, 
that one of them contained twice the quantity of matter that 
the other did, and therefore that the density of the one was 
twice that of .the other. 

By calculations of this kind, it has been found, that the 
density of the Sun is but a little greater than that of water, while 
Mercury is more than nine times as dense as water, having a 
specific gravity nearly equal to that of lead. The Earth has 
a density about five times greater than that of the Sun, and a 
little less than half that of Mercury. The densities of the other 
planets seem to diminish in proportion as their distances from 
the Sun increase, the density of Saturn, one of the most remote 
of planets, being only about one-third that of water. 

THB SUN. 

137. The Sun is the center of the solar system^ and the great 
dispenser of heat and light to all the planets. Around the Sun 
all the planets revolve, as around a common center, he being the 
largest body in our system, and so far as we know, the largest 
in iheuniven^e. 

Distance of H0 Sun. — The distance of the Sun from the 
Earth is 9^ millions of miles, and his diameter is estimated at 
887,000 miles. Our globe, when compared with the magnitude 
of the Sun,. i%# mere point, for his bulk is about thirteen hun- 
dred thousand times greater than Uxat of the Earth. Were the 
Sun's center placed in the center of the Moon's orbit, his cir- 
cumference would reach two hundred thousand miles beyond 
her orbit in every direction, thus filling the whole space be- 
tween us and th^ Moon, and extending nearly as far beyond 
her as she is from us. " A traveller, who should go at the rate 

of 90 miles a day, would perform, a journey of nearly 38,000 

- — ^ — , » ■ 

136. How are the densities of the planets ascertained 1 What is the density of the 
Sun, of Mercury, and of the Earth 1 In what pronortions do the densities of the planets 
appear to diminish 1 137. Where is the place of the Sun in the solar system 1 What is 
the distance of the Sun from the Earth 1 What is the diameter of the Sun 1 Suppose 
the center of the Sun and that of the Moon^s orbit to b« ooiacident, how fai would th« 
Sun extend lieyond the Hoon*s orbit 1 
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miles in a year, and yet it would take such a traveller more 
than 80 years to go round the circumference of the Sun. A 
body of such mighty dimensions, hanging on nothing, it is cer- 
tain, must have emanated from an Almighty power. 

The Sun appears to move around the Earth every 24 hours, 
rising in the east, and setting in the west. This motion, as will 
be proved in another place, is only apparent, and arises from 
the diurnal revolution of the Earth. 

138. Diurnal Revolution of the Sun. — The Sun, although 
he does not, like the planets, revolve in an orbiL is, however, 
not without motion, having a revolution around his own axis, 
once in 25 days and 10 hours. Both the fact that he has such 
a motion, and the time in which it is performed, have been as- 
certained by the spots on his surface. K a spot is seen, on a 
revolving body, in a certain direction, it is obvious, that when 
the same spot is again seen, in the same direction, that the body 
has made one revolution. By such spots the diurnal revolutions 
of the planets, as well as the Sun, have been determined. 

139. Spots on the Sun. — Spots on the Sun seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the subject 
of investigation an^ong astronomers. These spots change their 
appearance as the Sun revolves on his axis, and become greater 
or less, to an observer on the Earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and 
number ; one spot, seen by Dr. Herschel, was estimated to be 
more than six times the size of our Earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

140. Mature and design of these Spots. — In respect to the 
nature and design of these spots, almost every astronomer has 
formed a different theory. Some have supposed them to be 
solid opaque masses of scoriae, floating in the liquid fire of the 
Sun ; others, as satellites, revolving round him, and hiding his 
light from us ; others, as immense masses, which have fallen on 
his disc, and which are dark colored, because they have not yet 
become suflSciently heated. From these various theories we 
may infer that, at present, nothing certain is known of the na- 
ture and design of these spots. 

138. How is it proved that the San has & motion around bis own axisi How often 
does the Son roTofve 1 139. When were the spots on the Sun first observed 1 Wbat has 
been the difiference in the number of spots observed 1 What was the size of the spots 
seen by Dr. Herschel 1 140. What has been advanced concerning the nature of these 
spots 1 Have they been accounted for satisfactorily 1 
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MERCURY. 



141. Mercury, the planet nearest the Sun, is about 3,000 
miles in diameter, and revolves around him at the distance of 
37 millions of miles. The period of his annual revolution is 88 
days, and he turns on his axis once in about 15 hours. 

No signs of an atmosphere have been observed in this planet. 
The Sun's heat at Mercury is about seven times greater than it 
is on the Earth, so that water, if nature follows the same laws 
there that she does here, can not exist at Mercury, except in the 
state of steam. 

The neameaa of this planet to the Sun, prevents his being 
often seen with the naked eye. He may, however, sometimes 
be observed just before the rising, and a little after the setting 
of the Sun. When seen after sunset, he appears a brilliant, 
twinkling star, showing a white light, which, however, is much 
obscured by the glare of twilight. When seen in the morning, 
before the rising of the Sun, his light is also obscured by the 
Sun's rays. 

Mercury sometimes crosses the disc of the Sun, or comes be- 
tween the Earth and that luminary, so as toiappeaf like a small 
dark spot passing over the Sun's &ce. This-i^ called the transit 
of Mercury. 

VENUS. 

142. Venus is the other planet, whose orbit is within that of 
the Earth. Her diameter is about 8,000 miles, being some- 
what larger than the Earth. 

Her revolution around the Sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorter 
than oiirs. Her hourly motion in her orbit, is 80,000 miles. 

Venus, as seen from the Earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the Moon. When seen through a telescope, she ex- 
hibits the phases or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. 

143. This planet may ofben be seen in the day time, even 
when she is in the vicinity of the blazing light of the Sun. A 
luminous appearance around this planet, seen at certain times, 

141. What is the diameter of Mercury, and what are his periods of annual and diurnal 
revolution ? How great is the Sun's beat ut Mercury ? At what times is Meusury to be 
•een 7 What is a transit of Mercury 1 142. Where is the orbit of Venus, in respect to 
that of the Earth 1 What is the time of Venus' revolution around the Suni How ofteo 
does sUe turn on her axis ? 

28* 
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prores that she has an atmosphere. Some of her motmUHiia 
are several times more elevated than any oa our globe, being 
from 10 to 22 miles high. 

144. Venns sometimes makes a transit acroes the Sun's disc, 
in the same manner as Mercury, already described. The transits 
of Venus occur odIj at distant periods trom each other. The 
last transit was in 1760, and the next will not happen until 
1874. These transits have been observed by astronomers with 
the greatest care and accuracy, since it is by observations on 
them that the true distances of the Earth and planets from the 
Sun are determined. 

145. Jifotwm and Phewmiena of Venus. — Sometimes Venns 
appears to recede from the Sun, and then approach him, and 
as ner orbit is within that of the earth, her distance from ns 
varies from 27,000,000 to 193,000,000 of miles. When near- 
est the earth she forms her inferior conjunction with the Sun, 
that is, she is between us and him, and hence being overpow- 
ered with his light, is invisible. When at the greatest distanoa 
from us, she forms her rupmor conjunction with that luminary, 
and for the same reason again becomes invisible to us. 

These phenomena wiU ^^ ^ 

be understood bj the fol- 
lowing explanation^ in con- 
nection with Fiff. 257. 

146. Let the Earth be 
suppoaed at K, then when 
Venus is in the position 
marked A, she is in a line 
with the Sun as seen from 
the Earth, and is then in 
her superior conjunction, 
being in the remotest part 
of her orbiL When in this 
position, the whole of her 

enlightened hemisphere is p. .^ 

toward the Earth, but is in- 
visible on account of the Sun's light. As she moves from A to 
B, being from west to east, which is called her direct motion, 
she begins to appear after sunset as the evening star. When 

143. WliililMidorihehetfhtaftliemDiinUiniin V«igil 144. On whul ■ocmiol an 
UnoBlif Vriqi rrom (h« Earuit VVhen il the In her inririar. nnij wli*n in her avperar 
muntofFif. SST.thapiiuaDfVeniu, Itomhtl iu|>eiiui In her iiiriiini cuiijuncliuu >>il£ 
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at B, she appears among the stars at L, when she appears in a 
gibbous shape, nearly half her disc being luminous. When at 
C, she appears among the stars at M, nearly in the form of a 
half moon. At D, being at the point of her greatest elongation, 
she has the form of a half moon, and is seen among the stars 
at N. She now gradually becomes so overpowered by the 
Sun's rays as to be invisible to the naked eye, and when arrived 
at E, forms her inferior conjunction with the Sun, and her 
nearest approach to the Earth. 

147. In this position, Venus is 36,000,000 miles nearer the 
Earth than when in her superior conjunction, and hence the 
great difference in her apparent size, and the luster with which 
she shines upon us. When near her superior conjunction, 
almost her entire disc is enlightened to us, and yet she appears 
like a faint star when compared with her luster when near her 
inferior conjunction, and when onljr her small crescent is turned 
toward us. 

When Venus is in that part of her orbit which gives her the 
appearance of being west of the Sun, she rises before him, and 
is then called the morning star ; and when she appears east of 
the Sun, she is behind him in her course, and is then called the 
evening star. These periods do not agree, either with the 
yearly revolution of the Earth, or of Venus, for she is alternately 
290 days the morning star, and 290 tlfe evening star. The 
reason of this is, that the Earth and Venus move round the 
Sun in the same direction, and hence her relative motion, in 
respect to the Earth, is much slower than her absolute motion 
in her orbit. If the Earth had no yearly motion, Venus would 
be the morning star one half of the year, and the evening star 
the other half. 

THE EARTH. 

148. The next planet in our system, nearest the Sun, is the 
Earth. Her diameter is nearly 8,000 miles. This planet 
revolves around him in 365 days, 5 hours, and 48 minutes ; 
and at the distance of 95 millions of miles. She turns round 
her own axis once in 24 hours, making a day and a night. The 
Earth's revolution around the Sun is called her .annvM or 
yearly motion, because it is performed in a year ; while the 

147. Why ii the light of Venus to us so much less at some times than at others 1 How 
much nearer the earth is this planet at her inferior than af her su^Mrior oonjunction ? 
When is Venus the morning and when the evening star 1 How long is Venus the morn- 
ing and how long the evening star 7 148. How long does it take the Earth to reyolve round 
the Sun? Wtuit is meant' by the Earth's annual revolution, and what hei diuroal 
revolution 1 



KTolutioD around its own axis, is called the diurnal or d^lj 
motioa, because it takes place every day. The earth's motioa 
in her orbit is at the rate of 68,000 miles per hour. The figure 
of the Earth, with the phenomena connected irith her motion, 
will be enplained in another place. 



149. The Moon, next to the Sun, is, to us, the most brilliant 
and interesting of all the celestial tiudies. Being the nearest U> 
us of any of the heavenly orbs, and apparently designed for our 
use, she has been observed with great attention, and many of 
the phenomena which she presents, are therefore better under- 
stood and explained, than those of the other planets. 



While the Earth revolves round the siiii in a yiiir, it is 
attended by the Moon, which makes a revolution round the 
Earth once in 27 days, 1 hours, anU 43 rainues. The distance 
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of the Moon from the Earth is 240,000 miles, and her diameter 
about 2,000 miles. 

Her surface, when seen through a telescope, appears diversi- 
fied with hills, mountains, valleys, rocks, and plains, presenting 
a most interesting and curious aspect : but the explanation of 
these phenomena are reserved for another section. 

150. Description of the Moon, — The full Moon, seen through 
a telescope magnifying about 100 times, Fig, 258, is from 
Dick's "Celestial Scenery." The dark shades represent the 
level parts of the Moon*s surface, and the lighter shades, those 
which are more elevated, some of them being mountains. 

The bright spot, with a little round figure in the center, situ- 
ated near the lower limb, and from which streaks, or streams of 
light, seem to proceed, is by some astronomers called Tycho^ 
and by othera Mount Etna, It consists of a large irregular 
cavity, surrounded by mountains, and these streaks of light are 
their highest parts, or ridges, which in their directions converge 
toward a center. This portion is the most variegated as well 
as elevated region of the lunar surface. 

MARS. 

151. The next planet in the solar system, is Mars, his orbit 
surrounding that of the Earth. The diameter of this planet is 
upward of 4,000 miles, being about half that of the Earth. 
The revolution of Mars, around the Sun is performed in nearly 
687 days, or in somewhat less than two of our years, and he 
turns on his axis once in 24 hours and 40 minutes. His mean 
distance from the Sun is 144,000,000 of miles, so that he moves 
in his orbit at the rate of about 55,000 miles in an hour. The 
days and nights at this planet, and the different seasons of the 
year, bear a considerable resemblance to those of the Earth. 
The density of Mars is less than that of the Earth, being only 
three times that of water. 

152. Telescopic View of Mars, — This planet, to the naked 
eye, reflects a yellowish, or dull red light, by which he may be 
distinguished from all the others. His telescopic appearance is 
quite peculiar, and often interesting, on account of the changes 
his face presents, being sometimes spotted, then striped, then 
clouded, and so on ; and sometimes all these figures appear at 
the same time, presenting a great variety of aspects, some of 

151. What is the diameter of Man 1 How much longer is a year at Mars than our 
yearl What is his rate of motion in his orbit 1 152. What is his appearance through the 
telescope 1 How is it proved that Mara has an atmosphere of great density ? Whydoet 
Mars sometimes appear to us larger than at others 1 How great is the Son's teat at 
Man? 



vbich are represented by Fig. 259. It is difficult to account 
for these appe&raoceB, though they are attributed to dense vapor 
in the atmosphere of the planet. 



Mars has an atmosphere of great density and extent, as in 
proved by the dim appearance of the fixed stare, when seen 
through it When any of the stara are seen nearly in a line 
with this planet, they give a faint, obscure light, and the nearer 
they approach the line of his disc, the fainter is their light, untJl 
the star is entirely obscured from the sight. , 

This planet sometimes appears much larger to us ihan at 
others, and this is readily accounted for by his greater or less 
distance. At his nearest approach to the Earth, his distance is 
only 60 millions of mileB, while his greatest distance is 240 
millioQS of miles, making a difference in his distance of 180 
millions of miles, or the diameter of the Earth's orbit. 

The Sun's heat at this planet is less than half that which we enjoy. 

To the inhabitants of Mars, our planet appears alternately aa 
the morning and evening star, as Venus does to us. 



153. Jupiler is 89.000 miles in diameter, and performa hit 
annual revolution mice in about 11 of our years, at the distance 
of 490 millions of miles from the Sun. This is the largest 
planet in the solar system, being about 1,400 times larger than 
the Earth. Hia diurnal revolution is performed in nine hours 
and fifty-sii minutes, giving his surface, at the equator, a motion 
of 28,000 miles per hour. This motion is about twenty times 
more rapid than that of our Eartii at the equator. 

Jupiter, next to Venus, is the most brilliant of the planets, 
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though the light and beat of the Sua on him is nearly 25 times 
less than on the earth. 

This planet is diatinguiahed from all tlie others, by an ap- 
pearance resembling bands, which ejitend acroes his disc. These 
are termed be/Is, and are variable, both in respect to number 
and appearance. Sometimes seven or eight are seen, several of 
which extend quite across his face, while others appear broken. 
or interrupted. 



These bands, or belts, when the planet is observed through a 
telescope, appear as represented in ^ty. 260. This appearanca 
is much the most common, the belts running quite across the 
face of the planet in parallel lines. Sometimes, however, his 
aspect is quite different from this, for in 1 780, Dr. Hersohel saw 
the whole disc of Jupiter covered with small curved lines, each 
of which appeared broken, or interrupted, the whole having a 
parallel direction across his disc, as in Fiff. 261. 

154. Jupiter has four satellites, or moons, two of which are 
sometimes seen with the naked eye. They move round, and 
attend him in his j'early revolution, as the Moon does our Earth. 
They complete their revolutions at different periods, the shortest 
of which IS less than two days, and the longest seventeen days. 

155. Eclipses of Jufnta's Moons. — These satellites often fall 
into the shadow of their primary, in consequence of which they 
are eclipsed, as seen from the ^rth. The eclipses of Jupiter's 
moons have been observed with great care by astronomers, 
because they have been the means of determining the exact 
longitude of places, and the velocity with which light moves 



through space. How longitude is determined by these eclipses, 
can not be explained or understood at this place, but the 
method by which they become tbo means of ascertainiug the 
velocity of light, may be readily comprehended. An eclipse of 
oue of these satellites appears, by calculation, to take place six- 
teen minutes sooner, when the Earth is in that part of lier orbit 
nearest to Jupiter, thaa it does when the Earth is in that part 
of her orbit at the greatest distance from him. Ilence, light is 
fonnd to be sixteen minutes in crossing the Earth's orbit, and 
as the Sun is in the center of this orbit, or nearly so, it must 
take about eight minut«s for the light to come from him (« us. 
Light, therefore, passes at the velocity of 95 millions of miles, 
our distance from the Sun, in about eight minutes, which ia 
nearly 200,000 miles in a second. 



156, The planet Saturn revolves round the Sun m a period 
of about 30 of our years, and at the distance from him of 900 
millions of miles. His dianiotor is 79,000 miles, making his 
bulk nearly nine hundred times greater than that of the Earth, 
but notwithstanding this va-st size, ho revolves on liis axis once 
in about ten hours. Saturn, therefore, performs upw.ird of 
25,000 diurnal revolutions in one of his years, and hence his 
year consists of more than 25.000 days ; a period of time equal 
to more than 10,000 of our days. On account of the remote 
distance of Saturn from the Sun, he receives only about a OOtli 
part of the heat and light which we enjoy on the Earth. But 



to compensnte, in some degree, for tbis vast distance from the 
Sun, Saturn has eight moons, which revolve rouod him at 
different distances, and at various periods, from 1 to 80 

157. Rings of Saturn. — Fig. 262 represents the several 
phases of Saturn as seen through a good telwcope, No. 1, 
shows how the planet 

appeared in 1832, the piq, ^^ 

plane of the ring being 
parallel to the line of 
vision, wlien nothing 
waa perceptible, except 
the double line across 
his disc, as shown by 

No. 2, shows the line 
of the rings across the 
center, terminated on 
each side by a thread 
of light. 

No. 3, shows the ap- 
pearance of the rings 
and planet in 1834, a 
minute opening, be- 
tween the rings, being 
apparent 

No. 4, shows the 
two rings a little wid- 
er apart asseeninl835. 

No. S, shows the 
rings still wider apart. 

No. 6, represents 
the rings as near a » " ' ■■?■. 

cii'cle as they are ever 

seen, showing, also, the dark, thread-lite space bv which 
they are separated. 

Those diflerent phases of Saturn, to be seen distinctly, require 
a telescope which magnifies nearly 300 times. 

In the last positJon, this wonderful planet was seen in 1840, 
atler which it ^ain passed through all the gradations above 
represented, appearing narrower every year until 1847, when 

IJT. How M anivn piTliciilBil;r ilntinetiiiricd frnm ill Ibn Mbtr plliuul Wlut 
li«w«n hi! tnnn BmJ ouier rin(} Whal i> (be clRumlbrsnu oT (In uuur iiDft 



his appearance was again like No. I, and these changes are 
perpetually going on. 

The external circumference of the out«r ring is 630,000 miles, 
and its breadth from the outer to the inner circumference, 7,200 
miles, or nearly the diameter of our Earth. The dark space, 
between the two rings, or the interval between the inner and 
the outer ring, ia 2,600 miles. 

A third ring, interior to those heretofore known, was discov- 
ered in 1651, by Mr. Bond, of Cambridge, Maes. 

This imraenae appendage revolves round the Sun with the 
planet, — performs daily revolutions with it and, according to 
Dr. Herschel, is a solid substance, equal in density to the body 
of the planet itself. 

156. As this planet revokes ai'ound the Sun, one of its Bides 
is illuminated during one half of the year, and the other side 
during the other half; so 

that, as Satnrn's year is ^^'- ^^ 

equal to thirty of our 
years, one of his sides 
will be enlightened and 
darkened, alternately, ev- 
ery fifteen years, as the 
poles of our Earth are 
alternately in the light 
and dark every year. 

Mff. 263 represents 
Saturn as seen by an 
eye placed at right-an- 
gles to the plane of his 
ring. When seen from 
the Earth, his position is 

alw.iys oblique, as repre- uirrct Civ» «/ Saiun. 

sented by Fiff. 262. 



159. In consequence of some inequalities in the motions of 
' Jupiter and Saturn, in their orhite, several astronomers had sus- 
pected that there existed another planSr beyond the orbit of 
Saturn, by whose attractive influence these irregularitiea were 
produced. This conjecture was confinned by Dr. Herschel, in 

158. How h™ il »D« of a«tnm'i t\ia sftemolply ta the lliht <uti dlLlk 1 In "liill 
po<iiH»i<eatiminpr«iite<lb;Fi(.3e3I ISS. Wh<u einiiiiortiiicelnl tathediniiiorr 
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1781, who in that year discovered the planet, which is now 
generally known by the name of its discoverer, though called 
by him Georgium Sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1,800 millions of miles 
from the Sun. To the naked eye, this planet appears like a 
star of the sixth magnitude, being, with the exception of some 
of the comets and Neptune, the most remote body, so far as 
known in the solar system. 

160. Herschel completes his revolution round the Sun in 
nearly 84 of our years, moving in his orbit at the rate of 15,000 
miles in an hour. His diameter is 35,000 miles, so that his 
bulk is about eighty times that of the Earth. The light and 
heat of the Sun at Herschel, is about 360 times less than it is 
at the Earth, and yet it has been found, by calculation, that 
this light is equal to 248 of our full Moons ; a striking proof of 
the inconceivable quantity of light emitted by the Sun. 

This planet has six satellites, which revolve round him at 
various distances, and in diflferent times. The periods of some 
of these have been ascertained, while those of the others remain 
unknown. 

NEPTUNB. 

161. The discovery of this planet is a signal instance of the 
power of mathematical calculations, applied to the motions of 
the celestial bodies. 

Astronomers, for more than half a century, had observed 
from various parts of the world, certain secular perturbations in 
several of the most remote members of the solar system, espe- 
cially in Satom and Herschel. 

These irregular motions, due to the law of attraction, could 
not be explained by the influence of any known body, circula- 
ting around the Sun, and hence the inference that there existed 
in that region, another planet not yet seen by mortal eyes. 

162. Two young astronomers, Adams, an Englishman, and 
Leverrier, a citizen of France, unknown to each other, pursuing 
this suggestion, both demonstrated, not only the existence of 
this undiscovered body, but showed vnthin a few degrees the 
point in the heavens where it would be found, and where in 

truth the discovery was made. Dr. Galle, of Berlin, sweeping 

*■ — ■ ■ ■ —t . 

159. In what year, and by whom was Herschel discoTered 1 What is the distaooe of 
Herschel from the Sun 1 160. In what period is his revolution ronnd the Sun performed 1 
What is the diameter of Herschel ? What is the quantity of light and heat at Herschel, 
when compared with that of the Earth ? 163. By whom, and in what manner was Nep- 
tune discovered 1 
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the heavens with his telescope, according to the directions of 
these demonstrators, first saw the planet now called Neptune, on 
the 26th of September, 1846. Still Leverrier and Adams, by 
the common consent of astronomers and the scientific world, 
must have the honor of this discovery, "so that the discovery 
of Noptune has happily crowned two heads with laurels/' 



FIG. 364. 



Hemchel 




Relative Distance of tke Planett. 

163. This planet was first called Leverrier^ but it seems that 
astronomers have long since determined that new ones shall 
not receive the names of their discoverers, but of some heathen 
divinity, and hence Herschel, the name of the discoverer, has 
been changed to Uranus, and Leverrier into Neptune. 

164. Distance of Neptune. — It is stated in the table of the 
planets, that the distance of Nepttme from the Sun, is 2,850 
millions of millions of miles. On this subject, a curious calcu- 

)A3. What is said about calling new planets after their discoverer* 1 



lator aays, "Had Adam and Eve started «ii a railway, to go 
from Neptune to the Sun, at the rate of fifty miles an hour, they 
would not yet have arrived there, for this planet, at the above 
rate, is more tbaa 6000 years from the center of our systenu" 
And yet this orb was discovered by the science of man. 

Rblativb Situations of the Planets. — Having now ^ven 
a short account of each planet composing the solar system, the 
relative situations of their several orbits, with the exception of 
those of the Asteroids and Neptune, are shown by Fig. 264. 

In this figure, the orbits are marked by the signs of each 
planet, of which the firet, or that nearest the Sun, is Mercury, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids, then Jupiter, then Saturn, and 
lastly Herschel. 



1 65. Compahative Dimensions of tbk Plabbts, — The com- 
parative dimensions of tlie planets are delineated at Fig. 265. 



166. It is s^d, that when Sir Isaac Newton w 
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onstratiDg tbe great truth, that gravity is the cause which keeps 
the Heavenly hodies in their orbits, he became so agitated with 
the thoughts of the magnitude and consequences of this discov- 
ery, as to be unable to proceed with his demonstrations, and 
desired a friend to finish what the intensity of his feelings would 
not allow him to complete. 

We have seen, in a former part of this work, (183.) that all 
undisturbed motion is straight forward, and that a body pro- 
jected into open space, would <jontinue perpetually, to move in 
a right line, unless retarded or drawn out of this course by some 
external cause. 

To account for the motions of the planets in their orbits, we 
will suppose that the Earth, at the time of its creation, was 
thrown by the hand of the Creator into open space, the Sun 
having been before created and fixed in his present place. 

167. Circular Motion of the Planets, — Under Compound 
Motion^ (ISO,) it has been shown, that when a body is acted on 
by two forces perpendicular to each other, its motion will be in 
a diagonal between the direction of the two forces. 

168. Now let A, Fig, 266, represent the Earth, and S, the 
Sun ; and suppose the Earth to be moving forward, in the line 
from A to B, and to have. arrived at A, with a velocity suflScient, 
in a given time, and without disturbance, to have carried it to 
B. But at the point, A, the Sun, S, acts upon the Earth with 
his attractive power, and 

with a force wnich would 
draw it to C, in the same 
space of time that it would 
otherwise have gone to B. 
Then the Earth, instead of 
passing to B, in a straight 
line, would be drawn down 
to D, the diagonal of the 
parallelogram, A B D C, 
but it is curved from A to 
D, in consequence of the 
continued force of the 
Sun's attraction, which pro- 
duces a constant devia- 
tion from a right line. 

When the Earth arrives at D, still retaining its projectile or 

167. BappoM a body to be acted upon by two foroeitperpendicular to each other, in 
what direction wiU it movel Why does the Earth, Fig. 266, move in a curved line ? 
Explain Fig. 266, and show how the two forces act to produce a circular line of inotion 1 



riG. 266. 




Cireular Motion of tho Planets. 
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centrifugal force, its line of direction would be toward N ; but, 
while it would pass along to N without disturbance, the attract- 
ing force of the Sun is again sufficient* to bring it to E, in a 
straight line, so that, in obedience to the two impulses, it again 
describes the curve to O. 

It must be remembered, in order to account for the circular 
motions of the planets, that the attractive force of the Sun is 
not exerted at once, or by a single impulse, as is the case with 
the cross forces, producing a straight fine, but that this force is 
imparted by degrees, and is constant It, therefore, acts equally 
on the Earth, in all parts of the course from A to D, and from 
D to O, Mg, 266. From O, the Earth having the same im- 
pulses as before, it moves in the same curved or circular direc- 
tion, and thus its motion is continued perpetually. 

169. The tendency of the Earth to move forward in a straight 
line, is called the centrifugal force, and the attraction of the 
Sun, by which it is drawn downward, or toward a center, is 
called its centripetal force, and it is by these two forces that the 
planets are made to perform their constant revolutions around 
the Sun. (197.) 

170. Planets Pass Equal Areas in Equal Times, — It is an 
interesting circumstance, respectiug the motions of the planets, 
that if &e contents of their eliptical orbits be divided into 
unequal triangles, the acute 
angles of which center at the 
Sun, with the line of the orbit 
for their bases, the center of the 
planet will pass through each 
of these bases in equal times. 

This will be understood by 
Fig, 267, the elliptical circle 
being supposed to be the 
Earth's orbit, with the Sun in 
one of the foci. 

Now, the spaces, 1, 2, 3 
&c, though of different shapes 
are of the same dimensions, 
or contain the same quantity 
of surface. ' The Earth, we 
have already seen, in its jour- 
ney round the Sun, describes EaiptUai OrbUs. 

169. What 18 the projectile force of the Earth called ? What is the attractive force of 
the Sun which draws the Earth toward him called 1 170. What is meant by a olanet'j 
psHJiig through equal spaces in equal times 1 
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au Oilipse, and moves more rapidly in one part of its orbit than in 
another. But, what ever maj be its actual velocity, its comparative 
motion is through equal areas in equal times. Thus, its center pass- 
es from A to 6, and from B to D, in the same period of time, and 
so of all the other divisions marked in the figure. If the figure, 
therefore, be considered the plane of the Earth's orbit,' divided 
into 12 equal areas, answering to the 12 months of the year, 
the Earth will pass through the same areas in every month, but 
the spaces through which it passes will be increased, during 
every month, for one half the year, . and diminished, during 
every month, for the other half. 

171. Why the Planets do not Fall to the Sun, — ^The reason 
why the planets, when they approach near the Sun, do not fall 
to him, in consequence of his increased attraction, and why they 
do not fly off into open space, when they recede to the greatest 
distance from him, may be thus explained. 

Taking the Earth as an example, we have shown that when 
in the part of her orbit nearest the Sun, her velocity is greatly 
increased by his attraction, and that, consequently, the Earth's 
centrifugal force is increased in proportion. 

1*72. Now, the velocity of the earth increases in an inverse 
proportion, as its distance from the Sun diminishes, and, in pro- 
portion to the increase of velocity, is its centrifugal force in- 
creased ; so that, in any other part of its orbit, except when 
nearest the Sijn, this increase of velocity would carry the Earth 
away from its center of attraction. But, this increase of the 
Earth's velocity is caused by its near approach to the Sun, and, 
consequently, the Sun's attraction is increased as well as the 
Earth's velocity. In other terms, when the centrifugal force is 
increased, the centripetal force is increased in proportion, and 
thus, while the centrifugal force prevents the Earth from falling 
to the Sun, the centripetal iorce prevents it from moving off in 
a straight line. ' 

THE EARTH. 

173. Proofs of the EartKs Diurnal Revolution, — ^It is almost 
universally believed, at the present day, that the apparent daily 
motion of the heavenly bodies from east to west is caused by 
the real motion of the Earth from west to east ; and, yet, there 

171. How is it shown that, if the motion of a revolving body is increased^ its projectile 
force is also increased 1 172. By what force is the Earth's velocity increased es it ap- 
proaches the Sun 1 When* the Earth is nearest the Sun, why does it not fall to him 1 
When the Earth's centrifugal force is greatest, what prevents its flying from the Sun ? 
173. What are the most obvious and convincing proofs that the Earth revolves on its axial 
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are oomparativelj few who have examined the evidence on 
which this belief is founded. For this reason, we will here state 
the most obvious, and, to a common observer, the most convinc- 
ing proo& of the Earth^s revolution. These are, first, the in- 
conceivable velocity of the heavenly bodies, and particularly the 
fixed stars, around the Earth, if she stands still. Second, the 
fact that all astronomers of the present age agree that every 
phenomenon which the heavens present can be best accounted 
for, by supposing the Earth to revolve. Third, the analogy to 
be drawn from many of the other planets, which are known to 
revolve on their axes ; and, fourth, the different lengths of days 
and nights at the different planets ; for, did the Sun revolve 
about the solar system, the days and nights at many of the 
planets must be of similar lengths. 

174. The distance of the Sun from the Earth being 95 mil- 
lions of miles, the diameter of the Earth's orbit is twice its dis- 
tance from the Sun, and, therefore,* 190,000,000 of miles. 
Now, the diameter of the Earth's orbit, when seen from the 
nearest fixed star, is a mere point, and were the orbit a solid 
mass of dark matter, it could not be seen, with such eyes as 
ours, from such a distance. This is known by the fact, that 
these stars appear no larger to us, even when our sight is assisted 
by the best telescopes, when the Earth is in that part of her 
orbit nearest them, than when at the greatest distance, or in the 
opposite part of her orbit The approach, therefore, of 190 
millions of miles toward the fixed stars, is so small a part of 
their whole distance from us, that it makes no perceptible dif- 
ference in their appearance. 

175. Now, if the Earth does not turn on her axis once in 24 
hours, these fixed stars must revolve around the Earth at this 
amazing distance once in 24 hours. If the Sun passes around 
the Earth in 24 hours, he must travel at the rate of nearly 400,- 
000 miles in a minute ; but, the fixed stars are, at least, 400,- 
000 times as fieur beyond the Sun as the Sun is from us ; and, 
therefore, if they revolve around the Earth, must go at the rate 
of 400,000 times 400,000 miles, that is, at the rate of 160,000,- 
000,000, or 160 billions of miles in a minute ; a velocity of 
which we can have no more conception than of infinity or 
eternity. 

176. In respect to the analogy to be drawn from the known 
revolutions of the other planets, and the different lengths of 

174. Were the Earth*8 orbit a solid mass, could it be seen by us at the distance of the 
fixed stars 1 175. Suppose the Earth stood still, how fast must the Sun move to go round 
it in iS4 hours 1 At what rate must the fixed stars move to go round it in 94 hours ? 



days and nigbts among them, it is aafficient to state, that to the 
ishabitanlfi of Jupiter, the heavens appear to make a revolution 
ID about 10 houre, wliile, to those of Veous, they appear to re- 
volve once in 23 hours, and, to the inhahitADtB of the other 
planeta a similar difference seems to take place, depending on 
the periods of their diurnal revolutions. 

177. How, there is no more reason to suppose that the 
heavens revolve round us than there is to suppose that they re- 
volve around any of the other planets, since tne same apparent 
revolution is common to them all ; and, as we knovf that the 
other planets, at least many of them, tarn Cn their axes, and, as 
all the phenomeua presented by the Earth can be accounted for 
by such a revolution, it is folly to conclude otherwise. 



178. Although astronomers and others who have enquired into 
the subject, have all the proof they want that the earth turns on 
her axis once in 24 hours, yet, it is but lately that any ocular 
proof of this great philosophical fact has been discovered and 
offered to the public. 

The following diagram, .^V- 268, and the eJcplanaUon, will 
show how the rotation in question ro&y be demonstrated. The 
experiment was first made at the Pantheon in Fans, in 1849. 
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To the dome of the Pantheon, say 260 feet from the floor, 
was attached a fine wire, A, which suspended a metallic ball, 
vibrating like a pendulum, within an inch or two of the center 
of the circular table, B. This table, 12 or 15 feet in diameter, 
was divided into 360 degrees, in order to show the rates of cir-^ 
cular motion which the earth undergoes. 

179. Now, it can be shown by this apparatus that, supposing 
the Earth to have the diurnal revolution imputed to her around 
her axis, and, by which the phenomena of day and night are 
explained, then, by the same law, the table with the degrees 
marked around its ^circumference will show, when compared 
with the pendulum, t'hat the table revolves with the Earth ; for, 
the pendulum, being suspended on a point, does not revolve. 
Therefore, if, on making the ball vibrate, (a lead-pencil leaving 
a mark across the table), the direction of the line of vibration 
differs at different honis of the day, then it is plain that the 
table has moved ; for, the center of the vibratory motion being 
a fixed point, cannot revolve, and the plane, therefore, through 
which its vibration passes, will be exactly the same during tne 
24 hours. 

180. Ifl therefore, the ball of the pendulum furnished with 
a pencil, and paper be spread on the table, the lines left by it 
on the paper would show, from hour to hour, the progressive 
motion of the Earth, and would form angles with each other of 
15 degrees, or, the twenty-fourth part of the great circle of the 
Earth for each hour. (See Longitude.) 

181. This, indeed, it is said, was actually visible to the crowds 
who flocked to the Pantheon to witness this wonderful experi- 
ment ; for, however credulous many came, they saw with their 
own eyes the changes which took place between the ball and 
the table. 

■ORfZON. 

182. The horizon is distinguished into the sensible and rational. 
The sensible horizon is that portion of the surface of the Earth 
which bounds our vision, or the circle around us, where the sky 
seems to meet the Earth. When the Sun rises, he appears 
above the sensible horizon ; and, when he sets, he sinks below 
it The rational horizon is an imaginary line, passing through 
the center of the Earth, and dividing it into two equal parts. 

183. Inclination op the Earth's Axis. — ^The inclination 
of the Earth's axis to the axis of its orbit never varies, but 

183 How is the sensible herizon distingatshed from the rational 1 
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hulinatwn o/ the EortVt Jtzis. 

always makes an angle with it of 23-}- degrees, as it moves 
round the Sun. The axis of the Earth is, therefore, always par- 
allel with itself. That is, if a line be drawn through the center 
of the Earth, in the direction of its axis, and extended north and 
south, beyond the Earth's diameter, tie line so produced, will 
always be parallel to the same line, or any number of lines, so 
drawn, when the Earth is in different parts of its orbit. 

Suppose a rod to be fixed into the flat surface of a table, and 
so inclined as to make an angle with a perpendicular from the 
table of 23-)- degrees. Let this rod represent the axis of the 
Earth, and the surface jpf the table the ecliptic. Now, place on 
the table a lamp, and flHind thejamp hold a wire circle, three 
or four feet in diameter, so that it shal^ be parallel with the 
plane of the table, and as high above it as the flame of the 
lamp. Having prepared a small terrestrial globe, by passing a 
wire through it for an axis, and letting it project a few inches 
each way for the poles, take hold of the north pole and carry it 
round tne circle, with the poles constantly parallel to the rod 
rising above the table. The rod being inclined 23-}- degrees 
from a perpendicular, the poles and axis will be inclined m the 
same degree, and thus the axis of the Earth will be inclined to 

183. Are the orbits of the other planets parallel to the Earth^t orbit» or inelined to it 1 
What is meant by the Earth '^xis being parallel to itself 1 
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that of the ecliptic everywhere in the Bame degree, and, lines, 
drawn in the direction of the Earth's axis, will be parallel to 
each other in any part of its orbit. 

184. This will be understood by M^, 269, where it will be 
seen, that the poles of the Earth, in the several positions of A 
B C and D, being equally inclined, are parallel to each other. 
Supposing the lamp to represent the Sun, and the wire circle 
the Earth's orbit, the actual position of the Earth, during its 
annual revolution around the Sun, will be comprehended, and 
if the globe be turned on its axis, while passing round the lamp, 
the diurnal, or daily revolutions of the Earth will also be 
represented. 

DAY AND NIGHT. 

185. Were the direction of the EartKs axis perpendicular to 
tlie plane of its orbit, the days and nights would he of equal 
length all the year, for then just one half of the Earth, from, 
pole to pole, would be enlightened, and at tlie same time the 
other half would be in darkness. 

FIG. 970. 





Daff and JfighL 
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Suppose the line S, o. Fig. 570, from flie Sun to the Earth, 
to be Uie plane of thecJEarth's oiWt, and Ifaat N S is the axis of 
the Earth perpendicularr to it, then it is obvious, that exactly 
the same points on the Earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
the meridian line between N and S, which line crosses the 
equator at o, would see the Sun at the same time, and conse- 
quently, as the Earth revolves, would pass into the dark hem- 
isphere at the same time. Hence, in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

184. How does it appear by Pig. 269, that the axis of the Earth is parallel to itself, 
In all puts of its orbit 1 185. How are the annual and diurnal revolutions of the Earth 
illastratad by Pig. 2701 Explain by Pig. 270, why the days and nighU would every 
when be equal, were the axis of the Earth perpendicular to Hm plane of his orbit 

27 
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186. Now it is the inclination of the Earth's axis, as above 
described, which causes the length of the days and nightA to 
differ at the same place at different seasons of the year ; for on 
reviewing the position of the globe at A, Fig, 269, it will be 
observed that the line formed by the enlightened and dark 
hemispheres, does not coincide with the line of the axis and 
pole, as in Fig, 270, but that the line formed by the darkness 
and the light, extends obliquely across the line of the Earth's 
axis, so that the north pole is in the light while the south is in 
the dark. In the position of A, therefore, an observer at the north 
pole would see the sun constantly, while another at the south 
pole would not see it at all. Hence, those living in the north 
temperate zone, at the season of the year when the Earth is at 
A, or in the Summer, would have long days and short nights, 
in proportion as they approached the polar circle ; while those 
who live in the south temperate zone, at the same time, and 
when it would be Winter there, would have long nights and 
short days in the same proportion. 

MABONB OF THE TEAR. 

187. The vicissitudes of the seasons are catised by the antmal 
revolution of the Earth round the Sun^ together with the in- 
clination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the Earth '» orbit, and is supposed to be placed on a level 
with the Earth's hori*zon, and hence, that this plane is consid- 
ered the standard, by which the inclination of the lines crossing 
the Earth, and the obliquity of the orbits of the other planets, 
are to be estimated. 

188. The Solstices, — ^The solstices are the points where the 
ecliptic and the equator are at4he greatest distance from each 
other. The Earth, in its yearly revolution, passes through each 
of these points. One is called the Summer^ and the other the 
Winter solstice. The Sun is said to enter the Summer solstice 
on the 21st of June; and at this time, in our hemisphere, the 
days are longest and the nights shortest On the 21st of De- 
cember, he enters his Winter solstice, when the length of the 
days and nights are reversed from what they were in June be- 
fore, the days being shortest, and the nights longest. 

Having learned these explanations, the student will be able 

186. What is the oaaae of the unequal lengfths of the days and nights in different 

Kits of the world 1 187. What are the causes which produce the seasons of the year 1 
3. What are the solstices 1 When the Sun enters the Summer solstioe, what is said of 
the length of the days and nighU 1 When does the Sun enter the Winter solatia^ aad 
what IS the proportion between the length of the days and nights 1 
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to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the Earth's 
rvivolutlon. 



REVOLUTIONS OF TH& EARTH. 



189. Suppose the Earth, Fig, 2Yl, to be in her Summer 
solstice, which takes place on the 21st of June. At this period 
she w 11 be at A, having her north pole, N, so inclined toward 
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Seasons of the Tear. 

the Sun, that the whole arctic circle will be illuminated, and 
consequently the Sun's rays will extend 23-J- degrees, the 
breadth of the polar circle, beyond the north pole. The diurnal 
revolution, therefore, when tke Earth is at A, causes no succes- 
sion of day and night at the pole, since the whole frigid zone is 
within the reach of his rays. .The people who live within the 
arctic circle will, consequently, at this time, enjoy perpetual day. 
190. During this period, just the same proportion of the 
{!arth that is enligh^ned in the northern hemisphere, will be in 
total darkness in the opposite region of the southern hemisphere ; 
eo that while the people of the north are blessed with perpetual 
day, those of the south are groping in perpetual night. Those 
who live near the arctic circle in the north temperate zone, will, 
during the Summer, come, for a few hours, within the regions 

189. At what season of the ^ear is the whole arctic circle illuminated 1 190. At what 
leasoQ is the whole antarctic circle in the dark ? While the people near the north pole 
SDJoy perpetoal day, what is the situation of those near the soirth pole 1 
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of nigbt, by the Earth s diurnal re^olutioii ; and the greater the 
distance from the circle, the longer will be their nights, and the 
shorter their days. 

191. Hence, at this season, the days will be longer than the 
nights every where between the equator and the arctic circle. 
At the equator, the days and nights will be equal, and between 
the equator and the south polar circle, the nights will be longer 
than the days, in the same proportion as the days are longer 
than the nights, from the equator to the arctic circle. 

192. The Sun always Shines on 180 Degrees of the Earth, — 
It will be observed by a careful perusal of the above explana- 
tion of the seasons, and a close inspection of the figure by which 
it is illustrated, that the Sun constantly shines on a portion of 
the Earth equal to 90 degrees north, and 90 degrees south, 
from his place in the heavens, and consequently, that he always 
enlightens 180 degrees, or one half of the Earth. If, therefore, 
the axis of the Earth were perpendicular to the plane of its 
orbit, the days and nights would every where be equal, for as 
the Earth performs its diurnal revolutions, there would be 12 
hours day, and 12 hours night But since the inclination of its 
axis is 23^ degrees, the light of the Sun is thrown 23-i- degrees 
further in that direction, when the north pole is turned toward 
the Sun, than it would, had the Earth's axis no inclination. 
Now, as the Sun's light reaches only 90 degrees north or south 
of his place in ll^e heavens, so when the arctic circle is enlight- 
ened, the antarctic circle must be in the dark ; for if the light 
reaches 23^ degrees beyond the north pole, it must fall 23i de- 
grees short of the south pole. 

193. As the Earth travels round the Sun, in his yearly cir- 
cuit, this inclination of the poles is alternately toward and from 
him. During our Winter, the north polar region is thrown be- 
yond the rays of the Sun, while a corresponding portion afound 
the south pole enjoys the Sun's light And thus, at the poles, 
there are alternately six months of darkness and Winter, and 
six months of sunshine and Summer. 

194. While we, in the northern hemisphere, are chilled by 
the cold blasts of Winter, the inhabitants of tli« southern hem- 
isphere are enjoying all the delights of Summer ; and while 
we are scorched by the rays of a vertical Sun in June and 

191. At what season will the da^s he longer than the nights every where between the 
equator and the arotio circle 1 mL How many degrees does the Sun*s light reach, north 
and south of him, on the Earth ? 193. During our Winter, is the north pole turned to or 
from -the Sun 1 At the poles, how many dayt and nights are there in the yearl 194. When 
it is Winter in the northern hemisphere, what is the season in the southern hemisfdieitt 1 
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July, our southern neighbors are shivering with the rigors of 
mid- Winter. 

195. At the equator, no such changes take place. The rays 
of the Sun, as the Earth passed round him, are vertical twice a 
year at every place between the tropics. Hence, at the equator, 
there are two Summers and no Winter, and as the Sun there 
constantly shines on the same half of the Earth in succession, 
the days and nights are always equal, there being 12 hours of 
light and 12 of darkness. 

196. Velocity op the Earth. — ^The motion of the Earth 
round the Sun, is at the rate of 68,000 miles in an hour, while 
its motion on its own axis, at the equator, is at the rate of about 
1,042 miles in the hour. The equator being that part of the 
Earth most distant from its axis, the motion there is more rapid 
than toward the poles, in proportion to its greater distance from 
the axis of motion. 

19*7. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis, is simple and easily 
understood ; for by knowing the diameter of the Earth's orbit, 
its circumference is readily found, and as we know how long it 
takes the Earth to perform her yearly circuit, we have only to 
calculate what part of her journey she goes through in an hour. 
By the same principle, the hourly rotation of the Earth is as 
readily ascertained. ? ' 

198. We are insensible to these motions, because not only 
the Earth, but the atmosphere, and all terrestrial things, partake 
of the same motion, and there is no change in the relation of 
objects in consequence of it. 

CAUSES OF THB BEAT AND COLD OF THE SEASONS. 

199. We have seen that the E§i,rth revolves round the Sun in 
an elliptical orbit, of which the Sun is one of the foci, and con- 
sequently that the Earth is nearer him, in one part of her orbit 
than in another. From the great difference we experience be- 
tween the heat of Summer and that of Winter, we should be 
led to suppose that the Earth must be much nearer the Sun in 
the hot season than in the cold. But when we come to inquire 
into this subject, and to ascertain the distance of the Sun at dif- 
ferent seasons of the year, we find that the great source of heat 

295. What are the seasons at the equator? 196. At what rate does the Earth moye 
around tlie Sun 1 How fast does it move around its axis at the equator? 197. How ii the 
velocity of the Earth ascertained 1 198. Why are we insensible of the Earth's motion 1 
199. At what season of the year is rhe Sun at the greatest, and at what season the 
least distance from the Earth 1 
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and light is nearest us during the oold of Winter, and at the 
greatest distance during the heat of Summer. 

200. Angular Distance of the Sun, — ^If, for instance, his ap- 
parent diameter be taken in March, and then again in July, it 
will be found to have diminished, which diminution is only to 
be accounted for, by supposing that he is at a greater distance 
from the observer in July than in March. From July, his an- 
gular diameter gradually increases, till January, when it again 
diminishes, and continues to diminish, until July. By many 
observations, it is found, that the greatest apparent diameter of 
the Sun, and therefore his least distance from us, is in January, and 
his least diameter, and therefore his greatest distance is in July. 

201. The actual difference is about three millions of miles, 
the Sun being that distance further from the Earth in July than 
in January. This, however, is only about one-sixtieth of his 
mean distance from us, and the difference we should experience 
in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps the effect of his prox- 
imity to the Earth may diminish, in some small degree, the 
severity of Winter. 

202. Temperature of Summer. — ^The heat of Summer, and 
the cold of Winter, must, therefore, arise from the difference in 
the meridian altitude of the Sun, and in the time of his continu- 
ance above the horizon. In Summer, the solar rays &11 on the 
Earth in nearly a perpendicular direction, and his powerful heat 
is then constantly accumulated by the long days and short 
nights of the season. 

203. Temperature of Winter. — In Winter, on the contrary, 
the solar rays fall so obliquely on the Earth, as to produce little 
warmth, and the small efiect they do produce during the short 
days of that season, is almost entirely destroyed by the long 
nights which succeed. The difference between the effects of 
perpendicular and oblique rays^ seems to depend, in a great 
measure, on the different extent of surface over which they are 
spread. 

204. When the rays of the Sun are made to pass through a 
convex lense, the heat is increased, because the number of rays 
which naturally cover a large surface, are then made to cover a 
smaller one, so that the power of the glass depends on the num- 

900. When does the Sun (ipi»enr under the greatest apparent diameter, and when under 
the least ? SOI. How much further is the Sun from us in July than in January 1 What 
effect does this difference produce on the Earth 1 203. How is the heat of Summer, and 
the oold of Winter, accounted for? 203. Why do the perpendicular rays of Summer 
produce greater effects than the oblique ruys of Winter 1 904. Huw is this illustr&ted by 
the convex and concave lenses 1 



ber of rays thus brought to a focus. If, gn tiie pontrwy, the 
rays of the Sun are suffered to pass through a concave tense, 
their natural beating power is diminished, because they are dis- 
persed, or spread over a wider surface than before. 

205. Sumtner and 

Winter iteya.— Now "G- «^ 

to apply these differ- 
ent eflects to the Sum- 
mer and Winter rays 
of the Sun, lot us suih , 
pose that the rays tall-, 
mg perpendicularly on 
a given extent of sur- 
face, impart to it a 
certain degree of heat, 
then, it is obvious that, 
if the same number of 
rays bo spread over 
twice that extent of 
surfoce, their heating 

power would be di- eumtur an trinUr Rati. 

minished in propor- 
tion, and that only half the heat would be imparted. This is 
the effect produced by the S'.n's rays in the Winter. They fall 
BO obliquely on the Earth, as to occupy nearly double the space 
that the same number of rays do in the Summer. 

This is illustrated by Fiff. 272, where the number of raya, 
both in Winter and Summer, are supposed to be the same. But, 
it will bo observed that the Winter rays, owing to their oblique 
direction, are spread over nearly twice aa much surface as those 
of Summer. 

206. It may, however, Ve remarked, that the hottest season 
is not usually at the exact lime of the year when the Sun is 
most yertical and the days the longest, as is the case toward the 
end of June, but some time afterward, as in July and August. 

207. To account for this, it must be remembered that, when 
the Sun is nearly vertical, the Earth accumulates more heat by 
day than it gives out at uight; and, that this accumulation con- 
tinues to increase after the days begin to shorten ; and, conse- 
quently, the greatest elevation of temperature is some time after 
the longest days. For Uie same reason, the thermometer gen- 

aUS. How ii (be uliisLdlfleRDn of thn Summer nnd Winitt riXT' ■>»wi>1 Wt. Wbf 
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erally indicates the greatest degree of heat at two or three 
o'clock on each day, and not at twelve o'clock, when the Sun's 
rays are most powerful. 

FIGURE OF THB EARTH. 

208. Astronomers have proved that all the planets, together 
with their satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose that the 
Earth would be found of the same shape; and, several phe- 
nomena tend to prove, beyond all doubt, that this is its form. 
The figure of the Earth is not, however, exactly thajb of a globe, 
or ball, because its diameter is about 34 miles less from pole to 
pole than it is at the equator. But, that its general figure is 
that of a sphere or ball, is proved by many circumstances. 

209. When one is at sea, or standing on the sea-shore, the 
first part of a ship seen at a distance, is its mast. As the vessel 
advances, the mast rises higher and higher above the horizon, 
and, finally, the hull and whole ship become visible. Now, 
were the Earth's surface an exact plane, no such appearance 
would take place ; for, we should then see the hull long before 
the mast or rigging, because it is much the largest object. 

FIG. 973. 
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The Earth's Convexity. 




Spheroidal Form of i.'ie Earth. 

It will be plain, by Fig. 273, that, were the ship, A, elevated 
so that the hull should be on a horizontal line with the eye, the 
whole ship would be visible, instead of the topmast, there being 
no reason, except the convexity of the Earth, why the whole 
ship should not be visible at A, as well as at B. 

210. It is a well known fact, also, that navigators have set 
out from a particular port, and, by sailing continually westward, 
have passed around the Earth, and again reached the port from 

908. What ii the general figure of the £arth 1 How much less is the diameter of the 
Earth at the poles than at the equator? 209. How is the convexity of the Earth proved 
bv the approach of a ship at sea ? Explain Fig. 273. 210 What other proofs of the 
globular Aape of the Earth are mentioned i 
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"which they sailed. This could never, happen, wereilie Earth 
an extended plain, since then the longer the navigator sailed in 
one direction, the further he would be from home. 

Another proof of the spheroidal form of the Earth, is the 
figure of its shadow on the Moon, during eclipses, which shadow 
is always bounded by a circular line. 

These circumstances prove, beyond all doubt, that the form of 
the Earth is globular, but that it is not an exact sphere ; and, 
that it is depressed or flattened at the poles, is shown by the 
difference in the lengths of pendulums vibrating seconds at the 
poles, and at the equator. 

211. Compression at the Poles, — ^The compression of the 
Earth at the poles, and the consequent accumulation of matter 
at the equator, is considered the effect of its diurnal revolution, 
while it was in a soft or plastic state. If a ball of soft clay or 
putty be made to revolve rapidly, by means of a stick passing 
through its center, as an axis, it will swell out in the middle, or 
equator, and be depressed at the poles, assuming the precise 
figure of the Earth. 

212. Centrifugal Force, — ITie eflfects of centrifugal force are 
very satisfactorily illustrated in the following manner: 

Two hoops of thin 
iron are placed upon 
an axis, which passes 
through their poles, as 
shown by Fig, 274. 
The two poles of each 
hoop cross each other 
at right-angles, and 
are fastened together, 
and to the axis at the 
bottom. At the up- 
per end they slide up 
and down on the axis, 
which is turned rapid- 
ly by wheel-work as 
represented. These 
hoops, before the mo- 
tion begins, have an 
oval form ; but, when 
turned rapidly, the _ . . « . 

* •' ' Dqtrestton of the Poles. 

311. How is the form of the Earth illustrated by experiment ] Explain the reason why 
a plastic ball will swell at the equator, when made to revolve. 313. Explain Fi|;. 374, 
and show how it illostrates the form of the earth 



FIG. 374. 
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oentnfiiffal force occasions them to expand, or swell at the equa- 
tor, while they are depressed at the poles, the two polar regions 
becoming no more distant than A and B. 

213. Weight at the Poles, — ^The weight of a body at the 
poles is found to be greater than at the equator, not only be- 
cause the poles are nearer the center of the Earth than the 
equator, but because the centrifugal force there tends to lessen 
its gravity. The wheels of machines, which revolve with the 
greatest rapidity, are made in the strongest manner ; otherwise, 
they will fly in pieces, the centrifugal force not only overcoming 
the gravity, but the coljesion of their pdrts. 

214. It has been found, by calculation, that, if the Earth 
turned over once in 84 minutes and 43 seconds, the centrifugal 
force at the equator would be equal to the power of gravity 
there, and that bodies would entirely lose their weight. If the 
Earth revolved more rapidly than this, all the buildings, rocks, 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the Earth, as the water 
does from a revolving grindstone. 

BOI^AR AND 8IDERUL TIME. 

216. The stars appear to go round the Earth in 23 hours, 
56 minutes, and four seconds, while the Sun appears to perform 
the same revolution in 24 hours, so that the stars gain 3 minutes 
and 66 seconds upon the Sun every day. -In a year, this 
amounts to a day, or, to the time taken by the Earth to per- 
form one diurnal revolution. It, therefore, happens that, when 
time is measured by the stars, there are 366 days in the year, 
or, 366 diurnal revolutions of the Earth ; while, if measured by 
the Sun from one meridian to another, there are only 365 whole 
days in the year. The former are called the itiderial^ and the 
latter solar days. 

216. If the Earth had only a diurnal motion, her revolution, 
in respedi to the Sun, would 'coincide exactly with the same 
revolution in respect to the stars ; but, while she is making one 
revolution on her axis toward the east, she advances in the 
same direction about one degree in her orbit, so that to bring 
the same meridian toward the Sun, she must make a little more 
than one entire revolution. 



313. What two causes render the weights of bodies less at the equator than at the 
poles t 214. What would be the consequence on the weights uf bodies at the equator, 
did the Earth turn over once in 84 minutes and 43 seconds 1 215. The stars appear to 
move round the Elarth in less time than the Sun : what does the diliereoce amount to in 
a year 1 What is the year measured by a star enlled 1 What is that measured by th« 
Sun called Y 316. Had the Earth only a diurnal revolution, would the siderial and solar 
time agree 1 
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217. Thus, the Earth mast complete one revolution, and a 
portion of a second revolution, equal to the space she has ad- 
vanced in her orbit, in order to bring the same meridian back 
again to the Sun. This small portion of a second revolution 
amounts daily to the 365th part of her circumference, and, 
therefore, at the end of the year, to one entire rotation ; and, 
hence in 365 days, the Earth actually turns on her axis 366 
times. Thus, as one complete rotation forms a siderial day, 
there must, in the year, be one siderial more than there are 
solar days, one rotation of the Earth, with respect to the Sun, 
being lost by the Earth's yearly revolution. The same loss of 
a day happens to a traveler, who, in passing round the Earth 
to the west, reckons his time by the rising and setting of the 
Sun. K he passes round toward the east, he will gain a day, 
for the same reason. 

218. Astronomical Riddle, — ^Two persons, it is said, were 
bom on the same day, in 1700, and both deceased on the same 
day, in 1 760, having lived at the Cape of Good Hope. One would 
suppose, of course, that these persons were of exactly the same 
age, and yet, one had lived 100 days longer than the other. 
The solution is obvious from what we have just stated. These 
two persons had sailed around the world every year for 60 years; 
and, thus, while the one had gained a day by sailing to the east, 
the other had lost a day by sailing toward the west, thus mak- 
ing, between them, a difference of 100 days in their ages, 
though, in truth, they had both Uved the same period of abso- 
lute time. 

MEAN TIHB. 

219. Equals or mean time, is that which is reckoned by a 
clock, supposed to indicate exactly 24 hours, from 12 o'clock on 
one day to 12 o'clock on the neixt day. Apparent time, is that 
which is measured by the apparent motion of the Sun, in the 
heavens, as indicated by a meridian line, or sun-dial. 

220. Were the Earth's orbit a perfect circle, and her axis 
perpendicular to the plane of this orbit, the days would be of a 
uniform length, and there would be no difference between the 
clock and the Sun ; both would indicate 12 o'clock at the same 
time, on every day in the year. But, on account of the inclina- 
tion of the Earth's axis to the ecliptic, unequal portions of the 

817. How many time* do«« the Earth turn on her axis in a year 7 Why do« ihe torn 
more timet than there are days in the year 1 219. What is meant by equal or mean tlmel 
900. Were the Earth's orbit a perfect circle, and hn axis perpendieolar to iti plaM, what 
woald be the efljbet on time 1 
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SuQ*8 apparent path through the heavens will pass any meridian 
in equal times. 

221. Thus the eliptical form of the Earth's orbit, her unequal 
motions, and the inclination of her axis, would prevent the 
agreement of the Sun and clock, except when the £arth is at 
the greatest distance from the Sun, which is on the 1st of July, 
and when she is at the least distance, which is on the 1st of 
January. From these causes the Sun would be faster than the 
clock, from the Ist of July to the 1st of January, and then 
slower than the clock, from the 1st of January to the 1st of 
July. 

Now these two causes, which result from sources which can 
not be here explained, counteract each other, so that the Sun 
and clock agree only when they coincide, ©r balance each other, 
which takes place on, or about the 16th of April, the 15th of 
June, the 31st of August, and the 24th of December. 

On these days the Sun and clock, keeping exact time, coin- 
cide, or as the Almanac says, are even. 

222. The greatest differences between the Sun and clock, are 
on the 1st of November, when the clock is 16^ minutes too 
fEist, and on the 10th of February, when it is 14 minutes too 
slow. 

Til e MOON. 

223. While the Earth revolves round the Sun^ the Moon 
revolves round the Earth, completing her revolution once in 27 
days, 7 hours and 43 minutes, and at the distance of 240,000 
miles from the Earth, The period of the MootCs change, that 
is, from new Moon to new Moon again, is 29 days, 12 hours, 
and 44 minutes, 

224. The time of the Moon's revolution round the Earth is 
called her periodical month; and the time from change to 
change is called her sy nodical month. If the Earth had no an- 
nual motion, these two periods would be equal ; but because the 
Earth goes forward in her orbit, while the Moon goes round 
the Earth, the Moon must go as much farther, from change to 
change, to make thet^e periods equal, as the Earth goes forward 
during that time, which is more than a twelfth part of her 
orbit, there being more than twelve lunar periods in the year. 

S21. What prevents the agreement of the Sun and clock 1 When do the San and 
dook afreel 233. When do they differ mosti 233. What is the period of the Moon^s 
tevolation round the Earth 1 What is the period from new Moon to new Moon 
again 7 234. What are these two periods called 1 Why ore not the pwiodical and 
•ynodical months equal 1 
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226. We only see one Side of the Moon, — The Moon always 
presents the same side, or &ice, toward the Earth, and hence it 
18 evident that she turns on her axis but once, while she is per- 
forming one revolution round the Earth, so that the inhabitants 
of the Moon have but one day and night in the course of a 
lunar month. 

One half of the Moon is never in the dark, because, when 
this half is not enlightened by the Sun, a strong light is re- 
flected to her from the Earth, during the Sun's absence. The 
other half of the Moon enjoys alternately two weeks of the 
Sun's light, and two weeks of total darkness. 

Phases of the Moon. — One of the most interesting circum- 
stances to us, respecting the Moon, is the constant changes 
which she undergoes, in her passage around the Earth. When 
she first appears, a day or two after her change, we can see 
only a small portion of her enlightened side, which is in the 
form of a crescent ; . and at this time she is commonly called 
new Moon. From this period she goes on increasing, or show- 
ing more and more of her face every evening, until at last she 
becomes round, and her face is fully illuminated. She then 
begins again to decrease, by apparently losing a small section 
of her face, and the next evening another small section from 
the same part, and so on, decreasing a little every day, until she 
entirely disappears ; and having been absent a day or two, re- 
appears in the form of a crescent, or new Moon, as before. 

226. When the Moon disappears, she is said to be in con- 
junction^ that is, she is in the same direction from us with the 
Sun. When she is full, she is said to be in opposition, that is, 
she is in that part of the heavens opposite to the Sun, as seen 
by us. 

227. The different appearances of the Moon from new to full, 
and from full to change, are owing to her presenting different 
portions of her enlightened surface toward us at different times. 
These appearances are called phases of the Moon, and are easily 
accounted for, and understood by the following figure. 

228. Let S, Fig. 275, be the Sun, E the Earth, and A, B,C, 
D, E, the Moon in different parts of her orbit. Now when the 
Moon changes, or is in conjunction with the Sun, as at A, her 
dark side is turned toward the Earth, and she is invisible, as 

325. How is i% proyed that the Moon makes but one reyolution on her axis, as she 
passes around the Earth ? One half of the Moon is never in the dark ; explain why this 
M so. How long is the day and night at the other half? How is it shown that the Moon 
■hinesonly by reflected light 1 326. When is the Moon said to be in conjunction with 
the Sun, and when in opposition to the Sun 1 337. What are the phases of the Moon 1 
228. Describe Fig. 275, and show how the Moon passes from change to full, and fron 
fall to change « 

28- 
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FIG. 275 





Phases of tAe Moon. 

represented at a. The Sun always shines on one half of the Moon, 
in every direction, as represented at A and B, on the inner 
circle ; but we at the Earth can see only such portions of the 
enlightened part as are turned toward us. After her change, 
when she has moved from A to B. a small pa^ part of her illu- 
minated side comes in sight, and she appears horned, as at 6, 
and is then called the new Moon. When she arrives at C, seve- 
ral days afterward, one half of her disc ia visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in her first quarter^ because she 
has passed through a quarter of her orbit, and is 90 degrees 
from the place of her conjunction with the Sun. At D, she 
shows us still more of her enlightened side, and is then said to 
appear gibbous, as at d. When she comes to E, her whole en- 
lightened side is turned toward the Earth, and she appears in 
all the splendor of the full Moon. During the other half of 
her revolution she daily shows less and less of her illuminated 
side, until she again becomes invisible by her conjunction with 
the Sun. Thus in passing from her conjunction, a, to her full, c, 
the Moon appears every day to increase, while in going from 
her full to her conjunction again, she appears to us constantly 
to decrease, but as seen from the Sun, she appears always full. 
229. How the Earth ajypears at the Moon, — ^The earth, seen 
by the inhabitants of the Moon, exhibits the same phases that 

5229. What is said concerning the phases of the Earth, as seen from the Moonl 
When does the Earth appear full at the Moon t 
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the moon does to us, but in a contrary order. When the 
Moon is in her conjunction, and consequently invisible to us, 
the Earth appears full to the people of the Moon, and when the 
Moon is full to us, the Earth is dark to them. 

230. The Earth shines upon the Mcxm, — That the Earth 
shines upon the Moon, as the Moon does upon us, is proved by 
the fiact that the outline of her disc may be seen, when only a 
part of it is enlightened by the Sun. Thus when the sky is 
clear, and the moon only two or three days old, it is not un- 
common to see the brilliant new Moon, with her horns enlight- 
ened by the Sun, and at the same time the old Moon faintly 
illuminated by reflection from the Earth. This phenomena is 
sometimes called " the old Moon in the new Moon's arms." 

231. It was a disputed point among former astronomers, 
whether the Moon has an atmosphere ; but the more recent 
discoveries have decided that she has an atmosphere, though 
there is reason to believe that it is much less dense than ours. 

232. Surfdce of the Moon, — When the Moon's surface is 
examined through a telescope, it is found to be wonderfully 
diversified, for besides the dark spots perceptible to the naked 
eye, there are seen extensive valleys, and long ridges of highly 
elevated mountains. (See Fig.) 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than three miles deep, and 
almost exactly circular, appear excavated on the plains. As- 
tronomers have been at vast labor to enumerate, figure, and de- 
scribe the mountains and spots on the surface of the Moon, so 
that the latitude and longitude of about 100 spots have been 
ascertained, and their names, shapes, and relative positions given. 
A still greater number of mountains have been named, and 
their heights and the lengths of their basis detailed. 

233. The deep caverns, and broken appearance of the Moon's 
surface, long since induced astronomers to believe that such 
effects were produced by volcanoes, and more recent discoveriesr 
have seemed to prove that this suggestion was not without 
foundation. 

ECLIPSES. 

234. Every planet and satellite in the Solar St/stem, is illu- 
ininated by the Sun, and hence they cast shadows in the direc- 
tion opposite to him, just as the shadow of a man reaches from 
the Sun, 

230. How is it known that the Earth shines upon the Moon, as the Moon does upon 
us % 231. What is said concerning the Moon's atmosphere 1 232. How high are some 
of the mountains, and how deep the caverns of the Moon 1 233. What is said oon 
cerning the volcanoes of the Moon 1 234. What is a lunar, and what a solar eclipse 1 
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235. JEIcUpses, what — ^Eclipses are of two kinds, namely, 
Lunar, an eclipse of the Moon, and Solar, an eclipse of the 
Sun. The first is occasioned by the shadow of the Earth on 
the Moon, and the second, by the shadow of the Moon on the 
Earth. 

Hence, in both cases, the two planets and the San must be 
in nearly a straight line with respect to each other. In eclipses 
of the moon, the earth is between the Sun and Moon ; and in 
eclipses of the Sun, the Moon is between the Earth and Sun. 

LUNAR ECLIFBES. 

236. When the Moon falls into the shadow of the Earth, 
the rays of the Sun are intercepted, or hid from her, and she 
then becomes eclipsed. 

When the Earth's shadow covers only a part of her face, as 
seen by us, she suffers only a partial eclipse, one part of her 
disc being obscured, while the other part reflects the Sun's light. 
But when her whole surface is obscured by the Earth's shadow, 
she then suffers a total eclipse, and of a duration proportionate 
to the distance she passes through the Earth's shadow. 

rCG.276. 




Eclipse of tM Moon. 

237. Fig, 276, represents a total lunar eclipse ; the Moon 
being in the midst of the Earth's shadow. Now it will be ap- 
parent that in the situation of the Sun, Earth, and Moon, as 
represented in the figure, this eclipse will be visible from all 
parts of that hemisphere of the Earth which is next the Moon, 
and that the Moon's disc will be equally obscured, from what- 
ever point it is seen. When the Moon passes through only a 
part of the Earth's shadow, then she suffers only a partial 
eclipse, but this is also visible from the whole hemisphere next 
the Moon. It will be remembered that lunar eclipses happen 

335. What occasions the lunar, and what the solar eclipse 1 336. What is meant 
by a partial, and what a total eclipse? 337. Why is the same eclipse total at one place, 
and only partia^ at another 1 
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only at full Moon, the Sun and Moon being in opposition, and 
the Earth between them. 

SOLAR ECLIP8B8. 

238. When the Moon passes between the Earth and Sun^ 
there happens an eclipse of the Sun, because then the Moon^s 
shadow falls upon the Earth. 

239. A total eclipse of the Sun happens often, but when it 
occurs, the total obscurity is confined to a small part of the 
Earth ; since the dark portion of the Moon's shadow never ex- 
ceeds 200 miles in diameter on the Earth. But the Moon's 
partial shadow, or penumbra, may cover a space on the Earth 
of more than 4,000 miles in diameter, within all which space 
the Sun will be more or less eclipsed. When the penumbra 
first touches the Earth, the eclipse begins at that place, and 
ends when the penumbra leaves it. But the eclipse will be 
total only where the dark shadow of the Moon touches the 
Earth. 

PIG. 3T7. 




Eclipse of the Sun. 



Fig. 277, represents an eclipse of the Sun, without regard to 
the penumbra, that it may be observed how small a part of the 
Earth tfce dark shadow of the Moon covers. To those who 
live within the limits of this shadow, the eclipse will be total, 
while to those who live in any direction around it, and within 
reach of the penumbra, it will be only partial. 

240. Solar eclipses are called annular, from annulus, a ring, 
when the Moon passes across the center of the Sun, hiding all 
his light, with the exception of a ring on his outer edge, which 
the Moon is too small to cover from the position in which it is 
seen. 

241. Umbra and Penumbra. — A solar eclipse, with the pe- 

238. Why is a total eclipse of the San confined to so small a part of the Earth 1 
239. What is meant by penumbra 1 What will be the difTerence in the aspect of the 
eclipse, whether the observer stands within the dark shadow, or only within tne penum- 
bra 1 240. What is meant by annular eclipses'? Are annular eclipses ever total in any 
part of the Earth 1 Tn annular eclipses, what part of the Moon's shadow reaches the 
Earth 1 241. What do penumbra, and umbra, mean 7 
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numbra^ or light and shadow, D C, and the umhrcty or dark 
shallow, O, is seen in Fig. 278. 

When the Moon is at its greatest distance from the Earth, its 
shadow, M O, sometimes terminates before it reaches the £arth, 
and then an obsen-er standing directly under the point, O, will 
see the outer edge of the Sun, forming a bright ring around 
the circumference of the Moon, thus forming an annular 
eclipse. 

FIG. 37a 




The penumbra, D C, is only a partial interception of the Sun's 
ra3rs, and in annular eclipses it is this partial shadow only which 
reaches the Earth, while the umbra, or dark shadow, terminates 
in the air. Hence annular eclipses are never total in any part 
of the Earth. The penumbra, as already stated, may cover 
more than 4,000 miles of space, while the umbra never covers 
more than 200 miles in diameter ; hence partial eclipses of the 
Sun may be seen by a vast number of inhabitants, while com- 
parativelyfew will witness the total eclipse. 

242. When there happens a total solar eclipse to us, we are 
eclipsed to the Moon, and when the Moon is eclipsed to us, an 
eclipse of the Sun happens to the Moon. To the Moon, an 
eclipse of the Earth can never be total, since her shadow covers 
only a small portion of the Earth's surface. Such an eclipse, 
therefore, at the Moon, appears only as a dark spot on the face 
of the Earth ; but when the moon is eclipsed to us, the Sun is 
partially eclipsed to the Moon for several hours longer than the 
Moon is eclipsed to us. 

THE TIDES. 

243. The ebbing and flowing of the sea, which regularly 
takes place twice in 24 hours, are called the tides, 

244. The causes of the tides, is the attraction of the Sun and 
Moon, but chiefly of the Moon, on the waters of the ocean. In 

343. What is said concerning eclipses of the Earth as seen from the Moon? 343. 
What are the tides 1 344. What is the cause of the tides 1 
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virtue of the universal principle of gravitation, heretofore ex- 
plained, the Moon, by her attraction, draws or raises the water 
toward her, but because the power of attraction diminishes an 
the squares of the distances increase, the waters on the oppo- 
site of the Earth, are not so much attracted as they are on the 
side nearest the Moon. 

246. The want of attraction, together with the greater cen- 
trifugal force of the Earth, on its opposite side, produced in con- 
sequence of its greater distance from the common center of 
gravity, between the Earth and Moon, causes the waters to rise 
on the opposite side, at the same time that they are raised by 
direct attraction on the side nearest the Moon. 

Thus the waters are constantly elevated on the sides of the 
Earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

FIG. 279. 





^ lUitstraH&n, of the Tides. 

246. Let M, Fig, 279, be the Moon, and E, the Earth, covered 
with water. As the Moon passes round the Earth, its solid 
and fluid parts are equally attracted by her influence according 
to their densities ; but while the solid parts are at liberty to 
move only as a whole, the water obeys the slightest impulse, 
and thus tends toward the Moon where her attraction is the 
strongest. Consequently, the waters are perpetually elevated 
immediately under the Moon. 

247. If, therefore, the Earth stood still, the influence of the 
Moon's attraction would raise the tides only as she passed round 
the Earth. But as the Earth turns on her axis every 24 hours, 
and as the waters nearest the Moon, as at A, are constantly 
elevated, they will in the course of 24 hours, move round the 
whole Earth, and consequently from this cause there will be 
high water at every place once in 24 hours. As the elevation 
of the waters under the Moon causes their depression at 90 de- 

345. What oaases the tide to rise on the side of the Earth opposite to the Moon 
246. Explain Fig. 279. 247. If the Earth stood still, the tides would rise only as the 
Moon pawam round the Earth ; what then causet the tides to rise twioe in 24 hours 1 
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grees distance on the opposite sides of the Earth, D and C, the 
point, C, will come to the same place, by the Earth^s diurnal 
reyolution, six hours after the point. A, because C is one quarter 
of the drcumferenoe of the Earth from the point, A, and there- 
fore, there will be low water at any given place six hours after 
it was high water at that place. 

248. But while it is high water under the Moon, in conse- 
quence of her direct attraction, it is also high water on the op- 
posite side of the Earth in consequence of her diminished 
attraction, and the Earth^s centrifu^ motion, and therefore it 
will be high water from this cause twelve hours after it was high 
water from the former cause, and six hours after it was low 
water from both causes. 

249. But while the Earth turns on her axis, the Moon 
advances in her orbit^ and consequently any given point on the 
Earth will not come under the Moon on one day, so soon as it 
did on the day before. For this reason, high or low water at 
any place comes about fifty minutes later on one day than it 
did tne day before. 

Thus iar we have considered no other attractive influence ex- 
cept that of the Moon, as affecting the waters of the ocean. 
But the Sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influegce is small 
when compared with that of the Moon. 

260. When the Sun and Moon are in conjunctioi;i, as repre- 
sented in Fiff. 279, which takes place at he^ ch^ge, or when 
they are in opposition, which takes place at full Moon, then 
their forces are united, or act on the waters in the same direc- 
tion, and consequently the tides are elevated higher than usual, 
and on this account are called spring tides, 

251. Neap Tides, — But when the Moon is in her quadra- 
tures, or quarters, the attraction of the Sun tends to counteract 
that of the Moon, and although his attraction does not elevate 
the waters and produce tides, his influence diminishes that of 
the Moon, and consequently the elevation of the waters are less 
when the Sun and Moon are so situated in respect to each other, 
than when they are in conjunction or opposition. 

This effect is represented by Fig, 280, where the elevation 
of the tides at C and D is produced by the causes already ex- 
plained ; but their elevation is not so great as in Fig. 279, since 

5M8. When it ii high water under the Moon by her attraction, what is the cause of 
high water on the opposite side of the Earth, at the same time ? 249. Why are the tidea 
about fifty minutes later every dayl 250. What produces spring tides ? VThere must 
the Moon be in respect to the Sun, to produce spring tides ? 251. What is the occasion 
of neap tides t 
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tlie influence of the Sun acting in the direction, A B, tends to 
counteract the Moon's attractive influence. These small tides 
are called neap tides, and happen only when the Moon is in her 
quadratures. 

FIG. 280. 





Small, or AVap Tides. 

The tides are not at their greatest heights at the time when 
the Moon is at its meridian, but some time afterward, because 
the water, having a motion forward, continues to advanfte by its 
own inertia, some time after the direct influence of the Moon 
has ceased to effect it 

LATITUDE AND LONOITODK. 

252. Latitude is the distance from the equator in a direct 
line^ north w south, measured in degrees and minutes. 

The number of degrees is 90 north, and as many south, each 
line on which these degrees are reckoned running from the 
equator to thts polos!*' Places at the north of the equator are in 
narth latitude, and those south of the equator are in south lati- 
tude. The parallels of latitude are imaginary lines drawn 
parallel to the equator, either north or south, and hence every 
place situated on the same parallel, is in the same latitude, 
because every such place must be at the same distance from 
the equator. The length of a degree of latitude is 60 geo- 
graphical miles. 

253. Longitude is the distance measured in degrees and min- 
utes, either east or west, from any given point on the equator, or 
on any parallel of latitude. Hence the lines, or meridians of 
longitude, cross those of latitude at right angles. The degrees 
of longitude are 180 in number, its lines extending half a circle 
to the east, and half a circle to the west, from any given meri- 
dian, so as to include the whole circumference of the Earth. 

352. What is latitude 1 How many degrees of latitude are there 1 How far do th« 
lines of latitude extendi What is meant by north and south latitude? What are the 
parallels of latitude? 5253. What is longitude 1 How many decrees of longitude are then*, 
east or west ? What is the latitude of any place 1 What is the longitude of a place 1 
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A degree of longitude, at tlie equutor, u of the Bame length as 

8 d^^ree of latitude, but as the poles are approached, the de- 
grees of longitude diminUh in length, because the Earth grows 
smaller in circumference from the equator toward the poles ; 
hence the lines surrounding it become leas and leas. This will 
be made obvious by Ftp. 281. 

Let this figure represent the ""■ *'■ 

Earth, N being the north pole, 

5 the south pole, and E W the 
equator. The lines 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines, N a 8, N 

6 8, &a, are meridian lines, ot 
thoee of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and 
the equator, measured on a me- 
ridian line : thus, z is in lati- 
tude 40 degrees, because the x panaat of LngiMtt- 
g part of the meridian coutmns 

40 degrees. The longitude of a place is the number of degrees 
it is situated east or west from any meridian line ; thus, v is 20 
degrees west longitude from at, and x is 20 degrees east longi- 
tude from V. 

254. As the eqjiator divides the Earth into Ifro equal parts, 
or hemispheres, there seems to be a natural reason why the 
degrees of latitude should be reckoned frora this great circle. 
But fftim east to west there is no natural dmsion of the Earth, 
each meridian line being a great circle, dividing the Earth into 
two hemispheres, and hence there is no natural reason why 
longitude should be reckoned from one meridian any more than 
another. It has, therefore, been customary for writers atid mar- 
iners to reckon longitude from the capital of their own countrr ; 
as the English from London, the French from Paris, and the 
Americana from Washington. But this mode, it is apparent, 
must occasion mnch confusion, since each writer of a different 
nation would be obliged to correct tiie longitude of all other 
conntries, to make it ^ee with his own. More recently, there- 
fore, the writers of Europe and America have selected the 
royal observatory, at Greenwich, near London, as the first 
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meridian, and on most maps and charts lately published, longi- 
tude is reckoned from that place. 

266. How Jjaiitude is Found. — ^The latitude of any place is 
determined by taking the altitude of the Sun at mid-day, and 
then subtracting this from 90 degrees, making proper allow- 
ances for the Suu^s place in the heavens. The reason of this 
will be understood, when it is considered that the whole num- 
ber of degrees from the zenith to the horizon is 90, and there- 
fore, if we ascertain the Sun's distance from the horizon, that is, 
bis altitude, by allowing for the Sun's declination north or south 
of the equator, and subtracting this from the whole number, the 
latitude of the place will be found. Thus, suppose that on the 
20th of March, when the Sun is at the equator, his altitude 
from any place north of the equator should be found to be 48 
degrees above the horizon ; this, subtracted from 90, the whole 
number of the degrees of latitude, leaves 42, which will be the 
latitude of the place where the observation was made. 

266. If the Sun, at the time of observation, has a declination 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the place 
where the latitude was found to be 42, when the Sun had a 
declination of 8 degrees north, then liis altitude would be 8 
degrees gi^eater. than before, and therefore 66, instead of 48. 
Now, subtracting this 8, the Sun's declination, from 66, and the 
remaindei^tem 90, and' the latitude of th^^ place will be found 
42, as before. . If the Sun's declination be south of the equator, 
and the latitude of the place north, his declination must be 
added to the meridian altitude instead of being subtracted from 
it. The same result may be obtained by taking the meridian 
altitude of any of the fixed stars, whose declinations are known, 
instead of the Sun's, and proceeding as above directed. 

267. How Longitude is Found, — There is more difficulty in 
ascertaining the degrees of longitude, than those of latitude, 
because, as above stated, there is no fixed point, like that of the 
equator, from which its degrees are reckoned. The degrees of 
longitude are therefore estimated from Greenwich, and are 
ascertained by the following methods : — 

268. When the Sun comes to the meridian of any place, it 

355. How is the latitude of a place detemiined ? Give an example of the method of 
finding the latitude of the tame place at different seaiom of the year 1 256. When must 
the Sun*i declination from the equator be added to, and when subtracted from, his me- 
ridian altitude ? 257. Why is there more difficulty in aacertaininc the degrees of lonei- 
tode than of latitude 7 258. How many degrees of longitude does the surface of um 
Eazt]i pass through in oji hour t 
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is noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the Earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 360 degrees 
being divided by 24 hours, will give 15. The Earth, therefore, 
moves in her daily revolution, at the rate of 15 degrees for 
every hour of time. Now, as the apparent course of the Sun is 
from east to west, it is obvious that he will come to any meri- 
dian Ijring east of a eiven place, sooner than to one lying west 
of that place, and therefore it will be 12 o'clock to the east of 
any place, sooner than at that place, or to the west of it. 

259. When, therefore, it is noon at any one place, it will be 
1 o'clock at all places 15 degrees to the east of it, because the 
Sun was at the meridian of such places ah hour before ; and so, 
on the contrary, it will be 11 o clock, 15 degrees west of the 
same place, because the Sun has still an hour to travel before 
he reaches the meridian of that place. It makes no difference, 
then, where the observer is placed, since, if it is 12 o'clock 
where he is, it will be 1 o'clock, 15 degrees to the east of him, 
and 11 o'clock, 15 degrees to the west of him, and so in this 
proportion, let the time be more or less. Now, if any celestial 
phenomenon should happen, such as an eclipse of the Moon, or 
of Jupiter's satellites, the difference of longitude between two 
places where it is observed, may be determined by the differ- 
ence of the times at which it appeared to take place. . Thus, if 
the Moon enters the Earth's shadow at 6 o'clock in tl^ evening, 
as seen at Philadelphia, and at half past 6 o'clock at another 
place, then this place is half an hour, or H degrees, to the east 
of Philadelphia, because 7-}- degrees of longitude are equal to 
half an hour of time. To apply these observations practically, 
it is only necessary that it should be known exactly at what 
time the eclipse takes place at a given point on the Earth. 

260. Use of the Chronometer. — Suppose two chronome- 
ters, which are known to go at exactly the same rate, are made 
to indicate 12 o'clock by the meridian line at Greenwich, and 
the one be taken to sea, while the other remains at Greenwich. 
Then suppose the captain, who takes his chronometer to sea, 
has occasion to know his longitude. In the first place, he ascer- 
tains, by an observation of the Sun, when it is 12 o'clock at 
the place where he is, and then by his time-piece, when it is 
12 o clock at Greenwich, and by allowing 15 degrees for every 

850. SuppoM it it DooD at vaj given place, what o*clock will it be fifteen degraea to 
the east or that plaoe 1 Explain the reason. How mar long itode be determined by an 
eolipse 1 800. Explain the principles on whioh long itude is determinined by the chro- 
nometer. 
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hour of the difference in time, he will know his precise longitude 
in any part of the world. 

261. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, finds 
by observation that it is 12 o'clock by the Sun, and at the same 
time finds by his chronometer, that it is 4 o'clock at Greenwich. 
Then, because it is noon at his place of observation after it is 
noon at Greenwich, he knows that his longitude is w^est from 
Greenwich, and by allowing 15 degrees for every hour of the 
difi'erence, his longitude is ascertained. Thus, 15 degrees, mul- 
tiplied by 4 hours, give 60 degrees of west longitude from 
Greenwich. If it is noon at the place of observation, before it 
is noon at Greenwich, then the captain knows that his longitude 
is east, and his true place is found in the same manner. 

FIXED STARS. 

262. The stars are called fixed^ because they have been ob- 
served not to change their places with respect to each other. 
They may be distinguished by the naked eye from the planets 
of our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes, and are 
called stars of the first, second, and so oh to the sixth ma^i- 
tude. Al)out ' 2,000 stars may be seen with the naked eye in 
the whole vau!t of the heavens, though only about 1,000 are 
above the horizon at the same time. Of these, about 17 are of 
the first magnitude, 60 of the second magnitude, and 150 of the 
third magnitude. The others are of the fourth, fifth, and sixth 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

263. It might seem incredible, that on a clear night only 
about 1,000 stars are visible, when on a single glance at the 
different parts of the firmament, their numbers appear innumer- 
able. But this deception arises from the confused and hasty 
manner in which they are viewed ; for if we look steadily on a 
particular portion of sky, and count the stars contained within 
certain limits, we shall be surprised to find their number so 
few. 

261. 'Suppose the captain finds by his chronometer that it is 12 o'clock, where he is 6 
hoan later than at Greenwich, what then would be his longitqde 1 Suppose he finds it 
to be 12 o*clock, 4 hours earlier where he is, than at Greenwich, what then would be his 
longitude % 262. Why are the stars called fixed 1 How may the stars be distinguished 
from the planets 1 The stars are divided into classes, according to their magnitudes ; 
how many classes are there 1 How many stars may be seen with the naked eve in thtt 
whole firmament 1 263. Why does there appear to be more stars than there leally are ? 

29 
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264 The nearest fixed stars to our system, from the most 
accurate astronomical calculations, can not be nearer than 
20 000,000,000,000, or 20 trillions of miles from the Mrth, a 
distance so immense, that light can not pass through it m tes 
than three years. Hence, were these stars annihilated at the 
present time, their light would continue to flow toward us, and 
they would appear to be in the same situation to us, three years 

hence, that they do now. . li a 

265. Our Sun, seen from the distance of the nearest tixed 
stars, would appear no larger than a star of the first magnitude 
does to us. These stars appear no larger to us, when the Earth 
is in that part of her orbit nearest to them, than they do, when 
she is in the opposite part of her orbit ; and as our distance 
from the Sun is 95,000,000 of miles, we must be twice this 
distance, or the whole diameter of the Earth's orbit, nearer a 
given fixed star at one period of the year than at another. The 
difference, therefore, of 190,000,000 of miles, bears so small a 
proportion to the whole distance between us and the fixed stars, 
as to make no appreciable difference in their sizes, even when 
assisted by the most powerful telescopes. 

266. The amazing distances of the fixed stars may also be 
inferred from the return of comets to our system, after an 
absence of several hundred years. ^ ^ 

The velocity with which' some of these bbdiei move, when 
nearest the Sun, has been computed at nearly a million of miles 
in an hour, and although their velocities must be perpetually 
retarded, as they recede from the Sun, still, in 250 years of 
time, they must move through a space which to us would be 
infinite. The periodical return of one comet is known to be 
upward of 500 years, making more than 250 years in perform- 
ing its jaumey to the most remote part of its orbit, and as 
many in returning back to our system ; and that it must still 
always be nearer our system than the fixed stare, is proved by 
its return ; for by the laws of gravitation, did it approach nearer 
another g^tem it would never again return to ours. 

267. "From such proofs of the vast distances of the fixed 
stars, there can be no doubt that they shine with their own 
light, like our Sun, and hence the conclusion that they are Suns 
to other worlds, which move around them, as tiie planets do 

964. What is the computed distance of the nearest fixed stars from the Earth ? ^w 
long would it take light to reach us from the fixed stars 1 965. How large would our San 
appear at the distance of the fixed stars 1 What is said concerning the differeno« of ibn 
distance between the Earth and the fixed stars at diflTerent seasons of the year, and of 
their different appearance in consequence t 266. How mav the distances of the fixed 
■tars be inferred, by the long absence and return of comets f 967. On whatgrouod uit 
■apposed that the fixed stars are Suns to other worlds 1 
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around our Sun. Their <liBt.anc«s will, however, prevent our 
ever knowing, except by conjecture, whether this is the case or 
not, since, were they millions of times nearer us than they are, 
we should not be able to discover the reflected light of their 
planets. 



288. This word is from the Greek, coma, meaning hair, be- 
cause rnaoy of these bodies seem to be composed of fibrous 
matter, like hair. They are also called wandering stars, because 
tliey pass through t!ie Leavens in different directions, never be- 
ing known to stop any where. 

269. Number and Periods of Comets. — The number of 
comets is unknown, though some astronomers suppose that 
there are nearly 500 belonging to our system. Ferguson, who 
wrote in about 1760, supposed that there were less than 30 
cornels which made us occasional viaila ; but since that period 
the elemenls of the orbila of nearly 100 of these bodies have 
been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 
first of these has a period 

of 75 years', the second a '^"'- ^*^- 

period of* . r29 years ; and 
the thirfl a' period of 575 
years. The third appeared 
in 1680, and (herefore can 
not be expected again until 
the year 2225. This com- 
et. Fig. 282, in 1680, est- 

cited the most intense in- CMMto/ioao. 

terest among the aafrono- 

mere of Europe, on account of its great apparent size and near 
approach to our system. In the most remote part of its orbit, 
its distance from the Sun was estimated at about 11,200,000,- 
000 of miles. At its nearest approach to the Sun, which was 
only about 50,000 miles, its velocity, according to Sir Isaac 
Newton, was 880,000 miles in an honr; and supposing it to 
have retained "the Sun's heat, like other solrtl bodies, its tem- 
perature must have been about 2,000'tiBies that of red hot 
iron. The tail of this comet was at least 100,000,000 of miles 

270. In the Edinburgh Encyclopedia, artjcle Astronomy, there 

SmTwHH Bomliw or eoMt. ueiuppotrf lo bdoiit lo OK tjilm 1 
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IS the moet complete table of comets yet published. This table 
contains the elements of 97 comets, calculated by different as- 
tronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the Sun and the orbit of Mercury ; 33 between the orbits 
of Venus and the Earth ; 15 between the orbits of the Earth 
and Mars ; 3 between the orbits of Mars and Ceres ; and 1 be- 
tween the orbits of Ceres and Jupiter. It also appears by this 
table that 49 comets have moved round the Sun from west to 
east, and 48 from east to west. 

271. Nature of Comets. — Of the nature of these wandering 
planets, very little is known. When examined by a telescope, 
they appear like a mass of vapors surrounding a dark nucleus. 
When the comet is at its perihelion, or nearest the Sun, its color 
seems to be heightened by the intense light or heat of that 
luminary, a^nd it then often shines with more brilliancy than 
the planets. At this time the tail or train, which is always 
directly opposite to the Sun, appears at its greatest length, but 
is commonly so transparent as to permit the fixed stars to be 
seen through it. A variety of opinions have been advanced by 
astronomers concerning the nature and causes of these trains, 
but no satisfectory theory has been ofiered. 

A new comet was discovered by Miss Maria Mitchell, of 
Nantucket, in October, 1847, for which she received the gold 
medal of the king of Denmark, offered for the first discovery 
of a new comet in any country. 

272. Expected Comet. — Astronomers have recently made 
observations about the return of a great comet, the period of 
which is 300 years ; having been observed, A. D. 104, 292, 682, 
and in 1264, the next appearance being in 1856. But on the 
exact time of its arrival so as to be seen from our Earth, astron- 
omers seem to have come to different results ; but, by the most 
recent and reliable German calculations, it may be expected in 
August, 1858. 

PARAULAX. 

273. Parallax is the difference between the true and apparent 
place of a celestial body. The apparent place is that in which 
the body seems to be when viewed from the surface of the 
Earth, the trtie place being that in which it would appear if 
seen from the center of the Earth. 

270. How many have had the elements of their orbits estimated by astronomers 1 
How many are there whose periods of return are known ? SS71. What is said of the 
oonoetof 16801 373. What is a narallaxi What is the apparent pUoe of a oekstial 
body 1 What is the true place of such a body 1 
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FIG. 283. 




Diurnal Parallax, 



This will be understood 
by ^iff, 283, where if wo 
suppose a spectator placed 
at Gr, in the Earth's center, 
he would see the Moon, E, 
among the stars at I, whereas 
without changing the posi- 
tion of the Moon, if that 
body is seen from A, on the 
sur&ce of the Earth, it 
would appear among the 
stars at K. Now I is the 
true, and K the apparent 
place of the Moon, the space 
between them, being the 
Moon's parallax. 

The parallax of a body is greatest when on the sensible hor- 
izon, (182,) or at the moment when it becomes visible to the 
eye. From this point it diminishes until it reaches the zenith, 
or the highest place in the heavens, when its parallax ceases 
entirely. Thus it will be seen by the figure, that the parallax 
of the moon is less when at D, than it was at E, and that when 
it arrives at the zenith, Z, its position is the same whether seen 
from the center of the Earth, G, or from its surface, A. 

The greater the distance of the heavenly body from the spec- 
tator, the less is its parallax. 

Thus were the Moon at e instead of at E, her parallax would 
be only equal to j» K, instead of I K. Hence the Moon, being 
the nearest celestial body, has the greatest parallax, the differ- 
ence of her place among the stars, when seen from \he surface 
of the Earth, A, and the center, G, being about 4,000 miles. 

274. Parallax of the Stars. — ^The stars are at such immense 
distances from the Earth, that the difference of station between 
the center and surface of the Earth makes no perceptible change 
in their places, and hence they have no parallax. 

275. Diurnal Parallax, — This applies to the solar system, 
and takes place every day in the apparent rotation of the planets 
around the Earth. The Moon, as above shown, has a parallax 
when she rises, which diminishes until she reaches the zenith, 
when it ceases entirely ; the same is the case with the Sun and 
planets, which have sensible parallaxes. 

276. Annual Parallojs, — This is the difference in the appa- 

373. Explain Fig. 283. and show why there is no parallax when the body is in the zenith 
274. Why have the start no parallaxes 7 275. What is diurnal paiallaz ? 

29* 
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rent places of the celestial bodies, as seen from the Earth at the 
opposite points of her orbit, during her annua) rerolutiou round 
the Sun. 

Suppose A, Fig. 284, fig. 284. 

to be a stationary ce- 
lestial object, then as 
the Earth niakes her 
annual revolution a- 
round the Sun, S, this 
object at one time will 
appear among the stars 
at £, but six months 
after, when the Earth 
comes to the opposite 
point in her orbit, the 

same object will be seen at C, the space from C to E being the 
annual parallax of the object, A. But the distances of the stars 
are so great that the diameter of the Earth's orbit, or 1 90,000,000 
of miles make no difference in their apparent places. Were the 
fixed stare within 19,000,000,000,000, or 19 trillions of miles, 
their distance could be told by their parallaxes. 

By means of the most refined mathematical calculations, 
European astronomers hare recently determined the parallaxes 
of several of the fixed stars. 




Jinnval Parallax. 
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ELECTRrCITY 



277. The science of Electricity y which now ranks as an im- 
portant branch of Natural Philosophy, is wholly of modern date. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations of 
nature, or that it pervaded material substances generally. The 
term electricity is derived from electron^ the Greek name of 
amber, because it was known to the ancients, that when that 
substance was rubbed or excited, it attracted or repelled small 
light bodies, but it was then unknown that other substances, 
when excited, would do the same. 

376. Whatia annual parallax? 277. From what U the term electricity derived) 
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When a piece of glass, sealing-wax, or amber, is rubbed with 
a dry hand, and held toward small and light bodies, such as 
threads, hairs, feathers, or straws, these bodies will fly toward 
the surface thus rubbed, and adhere to it for a short time. The 
influence by which these small substances are drawn, is called 
electrical attraction ; the surface having this attractive power 
is said to be excited ; and the substances susceptible of this ex- 
citation, are called electrics. Substances not having this attrac- 
tive power when rubbed, are called noTi-electrics. 

278. The principal electrics are amber, resin, sulphur, glass, 
the precious stones, sealing-wax, and the fur of quadrupeds. 
But the metals, and many other bodies, may be excited when 
insulated and treated in a certain manner. 

After the light substances which had been attracted by the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts in 
a contrary direction, and the light bodies are repelled, or thrown 
away from the excited surface. Two bodies, also, which have 
been in contact with the excited surface, mutually repel each 
other. 

279. Electroscope, — ^Various modes have been devised for 
exhibiting distinctly the attractive and repulsive agencies of 
electricity, for obtaining indications of its presence, when it 
exists only in a feeble degree. Instruments for this purpose are 
termed Electroscopes, 

One of the simplest instruments of this kind consists of a me- 
tallic needle, terminated at each end by a light pith-ball, which 
is covered with gold leaf, and supported horizontally at its center 
by a fine point. Fig, 285. When a stick of sealing-wax, or a 
glass tube, is excited, and then presented to one of these balls, 
the motion of the needle on its pivot will indicate the electrical 
influence. 



FIG. 365. 



FIG. 386. 







EUctroaeope. 



Electrical Attraction' 



877. What is electrical aUractiunl W^lmt are electrics'? What are non-eleetriot ? 
378. What are the principal eliHstrius ? What is meant by electrical repulsion ? 379. 
What is an electroscope f 
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280. If an excited substance be bronght near a ball made of 
pith, or cork, suspended by a silk thread, the ball will, in the 
first place approach the electric, as at A, Fig. 286, indicating 
an attraction toward it, and if the position of the electric will 
allow, the ball will come into contact with the electric, and ad- 
here to it for a short time, and will then recede from it, show- 
ing that it is repelled, as at B. If, now, the ball which had 
touched the electric, be brought near another ball, which has 
had no communication with an excited substance, these two 
balls will attract each other, and come into contact ; after which 
they will repel each other, as in the former case. 

It appears, therefore, that the excited body, as the stick of 
sealing-wax, imparts a portion of its electricity to the ball, and 
that then the ball is also electrified, a mutual repulsion then 
takes place between them. Afterwards, the ball, being electri- 
fied by contact with the electric, when brought near another 
ball not electrified, transfers a part of its electrical influence to 
that, after which these two balls repel each other, as in the 
former instance. 

281. Thus, when one substance has a greater or less quan- 
tity of electricity than another, it will attract the other sub- 
stance, and when they are in contact will impart to it a portion 
of this superabundance ; but when they are both equally elec- 
trified, both having more or less th^n their natural quantity of 
electricity, they will repel each other. 

Electrical Theories. — To account for these phenomena, 
two theories have been advanced, one by Dr. Franklin, who 
supposes there is only one electrical fluid, and the other by 
Du Fay, who supposes that there are two distinct fluids. 

282. FranklirCs Theory. — Dr. Franklin supposed that all 
terrestrial substances were pervaded with the electrical fluid, and 
that by exciting an electric, the equilibrium of this fluid was 
destroyed, so that one part of the excited body contained more 
than its natural quantity of electricity, and the other part less. 
If in this state a conductor of electricity, as a piece of metal, be 
brought near the excited part, the accumulated electricity would 
be imparted to it, and then this conductor would receive more 
than its natural quantity of the electric fluid. This he called 
positive ^QQixiQiij, But if a conductor be connected with that 
part which has less than its ordinary sharo of the fluid, then 

380. When do two electrified bodies attract, and when do they repel each otherl 
291. How will two bodies act, one having more and the other less, than the natural quan- 
tity of electricity, when brought near each other 1 How will they act when both nave 
more or less than their natural quantity 7 382. Explain Dr. Franklin's theory of else 
trioity. What is meant by positive, and what by negative electricity ?^ 
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the conductor parts with a share of its own, and therefore will 
then contain less than its natural quantity. This he calle<i 
negative electricity. When one body positively and another 
negatively electrified, are connected by a conducting substance, 
the fluid rushes from the positive to the negative body, and the 
equilibrium is restored. 

283. Du Fayh Theory, — The other theory is explained thus. 
When a piece of glass is excited and made to touch a pith-ball, 
as above stated, then that ball will attract another ball, after 
which they will mutually repel each other, and the same will 
happen if a piece of sealing-wax be used instead of the glass. 
But if a piece of excited glass, and another of wax, be made to 
touch two separate balls, they will attract each other ; that is, 
the ball which received its electricity from the wax will attract 
that which received its electricity from the glass, and will be 
attracted by it. Hence, Du Fay concludes that electricity con- 
sists of two distinct fluids, which exist together in all bodies — 
that they have a mutual attraction for each other — that they 
are separated by the excitation of electrics, and that when thus 
separated, and transferred to non -electrics, as to the pith-balls, 
their mutual attraction causes the balls to rush toward each 
other. . These two principles he called vitreous and resinous 
electricity. The vitreous being obtained from glass, and the 
resinous from wax and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the naost 
able and recent electricians. 

284. Conductors, — Metallic Conductors, — It is found that 
some substances conduct the electric fluid from a positive to 
a negative surface with great facility, while others conduct it 
with difficulty, and others not at all. Substances of the flrst 
kind are called conductors^ and those of the last non-conduct- 
ors. The electrics, or such substances as, being excited, com- 
municate electricity, are all non-conductors, while the non-elec- 
trics, or such substances as do not communicate electricity on 
being merely excited, are conductors. The conductors are the 
metals, charcoal, water, and the other fluids, except the oils ; 
also, smoke, steam, ice, and snow. The best conductors are 
gold, silver, platina, brass, and iron. 

282. What is the oonaequenoe, when a positive and a nepitive body are connected bv 
a oondactoT 1 283. Explain Du Fay*s theory. When two baDs are electrified, one with 
glass and the other with wax, will they attract or repel each other 1 What are the two 
electricities called 1 From what substances are the two electricities obtained 1 284. 
What are conductors 1 What are non-conductors ? What substances are oonductois'' 
What snbstwioes are the best conductors ? 
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Non- Condueton. — ^Tbe electrics, or non-condacton, are glasB, 
amber, snlphnr, resin, wax, most hard stones, and the Am of 

A body is said to be insulated, when it is supported or snr- 
ronnded bj an electric. Thus, a stool standing od glass l^s, 
is iDgnlated, and a plate of metal laid on a pUte of glass, is 
insulated. 

285. EUctrual Machines. — When jai^e quantities of the 
electric fluid are wanted for experiment, or for other purposes, 
it is procured by an electrical machine. These machioes are of 
various forms, but all consist of an electric substance of consid- 
erable dimensions; the rubber by which this is excited; the 
prime condueloTf on which the electric matter is accumulated; 
the ijitulator, which preventa the fluid from escaping ; and ms- 
chinery, by which the electric is set in motion. 

Formerly a glaffi cylinder was employed as an electric, but 
more recently, round, flat plates of glass, called plate machines, 
are used instead of cylinders. This is a great improvement^ 
since both sides of the plate are exposed to electrical friction, 
while in the cylinder, the outside only could be excited. 

This maohme is represented by Mff. 287, and consists of a 
circular plate of glass, from one to two or three feet in diameter, 
turning on an axis of wood, wliicb passes through its center. 
The plate is rubbed, as it revolves, by two leather cushions, a 



PltU Electrical Jfoftine. 
QSi. Whit nbnuwa uc ilectrln.'ot iton-eonducton 1 Wh™ i.»bodr»ia wtaima- 
JiUdl ass. WhManUieHvanlmrtxir sDriecUicnlnudiiogt UmciiIh tba •tagtrf. 
Hi muhiiH, Fig. 987. 
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and 6, fixed at opposite points of its circumference ; and, bj 
means of elastic slips of wood, adjusted by screws, made to press 
on its surface. On the opposite side are two other cushions, not 
seen, the plate revolving between them. A hollow brass prime 
conductor, C, supported by a glass standard, D, is attached to 
the frame of the machine. On each side of the conductor are 
branches of the same metal, at the ends of which are sharp 
wires nearly touching the glass plate, and by means of which 
the electric fluid is collected and conveyed to the conductor. 

286. Mode of Action. — The manner in which this machine 
acts is easily understood. The friction of the cushions against 
the glass plate, transfers the electrical fluid from the cushions to 
the glass, so that, while the glass becomes positive, the cushions 
become negative. Meantime, the fluid, which adheres to the 
surface of the glass, is attracted by the metallic points and con- 
veyed to the prime conductor, which being insulated by the 
glass standard, the electricity is there accumulated in quantities 
proportionate to the surface of the conductor. 

287. If the cushions are insulated, the quantity of electricity 
obtained is limited, consisting of that, merely, which the cush- 
ions contained ; andj when tBis is transferred to the plate, no 
more can be obtained. It is then necessary to make tiie cush- 
ions communicate with the ground, the great reservoir of elec- 
tricity, by laying the chain attached to the cushions on the floor 
or table, when, on again turning the machine, more of the fluid 
will be conveyed to the conductor. 

288. Insulated Persons, — If two persons stand on two insulated 
stools, or if they both stand on a plate of glass, or a cake of 
wax, the one person being connected by the chain with the 
prime conductor, and the other with the cushion ; then, after 
working the machine, if they touch each other, a strong shock 
will be felt, because the difference between their electrical states 
will be greater, the one having more and the other less than his 
natural quantity of electricity. But, if the two insulated per- 
sons both take hold of the chain connected with the prime con- 
ductor, or with that connected with the cushion, no spark will 
pass between them, on touching each other, because they will 
then both be in the same electrical state. 

289. We have seen, Fig, 286, that the pith-ball is first at- 
tracted, and then repelled, by the excited electnc, and that the 

287. Whence comes the electricity, when the plate is turned ? Why is it necessary to 
throw the chain on the ground to obtain more electricity? 288. If two insulated persons 
take hold of the two chains, one connected with the prime conductor, and the other with 
the enshion, whaf changes will be produced 1 If an insulated person takes the ohain 
what effect will it produce on him ? 



bab 90 repelled will attract, or be attracted, hj other sabetaace 
IE ira vicinity, in conaequence of haviog received from the ex 
dted body more than its ordinary qnantity of electricity. 

290. EUetrieal Smng. — An 

•musing experiment may be "'^- ^^^ 

made by means of the appani- 
tns. Fig- 288. A little figore of 
a mao is sospended between two 
small posts of wood or glass. The 
insulated brass ball. A, is connect- 
ed with the prime conductor, 
while the opposite ball, B, com- 
municates with tbe earth. The 
figure on silken cords is first drawn 
towards A, where it takes an elec- 
trical charge, which is discharged 
at B-, and, thus, the little man 
becomes, as it were, animated, and 
which he se«m3 hi^bly to enjoy, 
&nd does so as long as he is sup- 
plied with electricity, 

291. EUctTometer. — Instruments designed 
to measure the intensity of electric action are 
called Blectrometeri. Such an instrument b 
represented by Fig. 289, It consists of a 
slender rod of light wood, A, terminated by 
a pith-ball, which serves as an index. This ia 
suspended at the upper part of the wooden 
stem, 1), so as to play easily backward and 
forward. The ivory semi-circle, C, is affixed 
to the stem, having its center coinciding with 
the axis of motion of the rod, so as to meas- 
ure the an^Ie of deviations from the perpen- 
dicular, which the repulsion of the ball from 
the stem produces on the index. 

When this instrument is used, the lower end of the i 
set into an aperture in the prime conductor, and tbe intensity 
of the electric act'on is indicated by the number of degrees the 
index is repelled from the perpendicular. 

The passage of the electric fluid through a perfect conductor 
is never attended with light, or the crackling noise which is 

aai. Wh*t La on altctroniiUcI Dncrilw Ihil ispmlDUd in Fi(, S89, togHliR nHh 
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heard when it is transmitted through the air, or along the sur- 
face of an electric. 

292. Fragments of Tin-foil. — Several curious experiments 
illustrate this principle ; for, if fragments of tin-foil, or other 
metal, be pasted on a piece of glass, so near each other that the 
electric fluid can pass between them, the whole line, thus formed 
with the pieces of metal, will be illuminated by the passage of 
the electricity from one to the other. 













FIG. 390. 
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In this manner, figures or words may be formed, as in Mg. 
290, which, by connecting one of its ends with the prime con- 
ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 



ELECTRICAL LIGHT. 



FIG. 291. 



293. Electrical light seems not to differ, in any respect, from 
the light of the Sun, or of a burning lamp. Dr. Wallaston 
observed that, when this light was seen through a prism, the 
ordinary colors arising from the decomposition of light were 
obvious. 

294. When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electricity 
be positive or negative. The reason of this 
appears to be, that the instant a particle of 
air becomes electrified, it repels, and is re- 
pelled by the point from which it received 
the electricity. 

Several curious little experiments are 
made on this principle. Thus, let two 
cross- wires, as in Mg, 291, be suspended 
on a pivot, each having its point bent in a 

393. Describe the experiment, Fig. 390, intended to illastrate this principle. 293. What 
is the appearance of elObtrical light through a prism 1 394. Describe Fig. 391, and ex 
plain the principle on which its motion depends. 

30 
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contrary direction, and electrified by being placed on the prime 
yconductor of a machine. These points, so long as the machine k 
in action, will give off streams of electricity ; and, as the parti- 
cles of air repel the points by which they are electrified, the 
httle machine will turn round rapidly in the direction contrary 
to that of the stream of electricity. Perhaps, also, the reaction 
of the atmosphere against the current of air given off by the 
points, assists in giving it motion. 

295. Leyden Vials. — When one part or side of an electric is 
positively, the other part or side is negatively electrified. Thus, 
if a plate of glass be positively electrified on one side, it will 
be negatively electrified on the other ; and, if the inside of a 
glass vessel be positive, the outside will be negative. 

Advantage of this circumstance is taken in the construction 
of electrical jars, called, from the place where they were first 
made, Leyden vials. 

The most common form of this jar is represented by Fig. 
292. It consists of a glass vessel, coated on both sides up to 
A, with tin-foil ; the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage of the electric 
fluid from one coating to the other. A metallic rod, rising two 
or three inches above the jar, and terminated at the top with a 
brass ball, which is called the knoh of the jar, is made to de- 
scend through the cover, till it touches the interior coating. It 
is along this rod that the charge of electricity is conveyed to 
the inner coating, while the outer coating is made to communi- 
cate with the ground. 



FIG. 292. 



FIG. 293. 





Leyden Jars. 



295. Suppose one part or tide of an electric is positive, what will be the electrical stale 
of the other side or part 1 What part of the electrical apparatus is oomtroeted on thta 
principle 1 How is the Leyden vial constructed 1 Why is not the whde surface of thta 
vial covered with the tin-foil 1 
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296. When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated on 
the tin-foil coating, while the glass above the tin-foil prevents 
its escape, and thus the jar becomes charged. By connecting 
together a sufficient number of these jars, any quantity of the 
electric fluid may be accumulated. For this purpose, all the 
interior coatings of the jars are made to communicate with each 
other, by metallic rods passing between them, and finally ter- 
minating in a single rod. A similar union is also established, 
by connecting the external coats with each other. When thus 
arranged, the whole series may be charged, as if they formed 
but one jar, and the whole series may be discharged at the same 
instant. Such a combination of jars is termed ^n electrical 
battery. 

For the purpose of making a direct communication between 
the inner and outer coating of a single jar or battery, by which 
a discharge is effected, an instrument called a discharging - 
rod is employed. It consists of two bent metallic rods, ter- 
minated at one end by brass balls, and at the other end con- 
nected by a joint This joint is fixed to the end of a glass 
handle, and, the rods being movable at the joint, the balls can 
be separated or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin-foil on the outside of the jar, and then the other is 
brought into contact with the knob of the jar, as seen in Fig, 
293. In this manner a discharge is effected, or an equilibrium 
produced between the positive and negative sides of the jar. 

297. Shock felt by many Persons, — ^Any number of persons 
may receive the electrical shock, by taking hold of each other's 
hand, the first person touching the knob, while the last takes 
hold of a chain connected with the external coating. In this 
manner, hundreds, or, perhaps, thousands of persons, will feel 
the shock at the same instant, there being no perceptible inter- 
val in the time when the first and the last person in the circle 
feels the sensation excited by the passage of the electric fluid. 

298. Atmospheric Electricity, — ^The atmosphere always con- 
tains more or less electricity, which is sometimes positive, and 
at others negative. It is, however, most commonly positive, 
and always so when the sky is clear or free from clouds or fogs. 
It is always stronger in winter than in summer, and during the 

396. How is a Leyden vial charged ? In what manner may a number of these vials 
be charged 1 What is an electrical battery ? 5297. Explain the design of Fig. 293, and 
show how an equilibrium is produced by the discharging-rod ? What circumstance is 
related, which shows the surprising velocity with which electricity is transmitted ? 396. 
Is the electricity of the atmosphere positive or negative ? At what times does the 
atmosphere contain most elecUicity 1 
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day than during the night. It is also stronger at some hours 
of the day than at others ; being strongest about 9 o'clock in 
the morning, and weakest about the middle of the afternoon. 
These different electrical states are ascertained by means of long 
metallic wires extending from one building to another, and con- 
nected with electrometers. 

299. It was proved by Dr. Franklin, that the electric fluid 
and lightning are the same substance, and this identity has 
been confirmed by subsequent writers on this subject. 

300. Lightning Rods. — Buildings may be secured from the 
eflects of lightning, by fixing to them a metallic rod, which is 
elevated above any part of the edifice and continued to the 
moist ground, or to the nearest water. Copper, for this pur- 
pose, is better than iron, not only because it is less liable to rust, 
but because it is a better conductor of the electric fluid. The 
upper part of the rod should end in several fine points, which 
must be covered with some metal not liable to rust, such as 
gold, platina, or silver. 

301. No protection is afforded hy the cond^tctor^ unless it is 
continued tntkout interruption from the top to the bottom of 
the building, and it can not be relied on as a protector, unless 
it reaches the moist earth, or ends in mater connected with the 
earth. Conductors of copper may be three-fourths of an inch 
in diameter, but those of iron should be at least an inch in 
diameter. In large buildings, complete protection requires 
many lightning rods, or that they should be elevated to a 
height above the building in proportion to the smallness of their 
numbers, for modern experiments have proved that a rod only 
protects a circle around it, the radius of which is equal to ttoice 
its length above the building, 

302. Thus a rod 20 feet above the building, will protect a 
space of 40 feet from it in all directions. 

HTDRO-ELBCTRICAI. MACHINB. 

303. A few years since, a workman at Newcastle, England, 
having to adjust a safety valve of a steam-engine, in order to 
prevent the escape of tie steam, was astonished to receive a 
powerftil shock of electricity on his hand, at the instant when 
it was enveloped in escaping steam. 

Si98. How are the difibrent electrical states of the atmosphere ascertained ? S99. Who 
fint discovered that electricity and lightning were the same ? What phenomena are 
mentioned which belong in common to electricity and lig[htning? oOO. How may 
baildings be protected from the effects of lightning ? Which is the best conductor, iron 
or eopperl 301. What circumstances are necessary, that the rod may be relied on at a 
protector 1 303, What diameter will a rod 90 feet abo^e the building protect 1 
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Mr. Armstrong, a nian of science, in that place, on hearing 
the workman's account, proceeded at once to investigate a phe 
nomenon so extraordinary, and before unknown ; and it is to 
him that the saentifio world is indebted for nearly all that ia 
known on this cnriouB subject. 

The cut. Fig. 294, shows the "o. sm. 

principle of the machine inven- 
ted by Mr. Armstrong, and by 
which the electrical steam is 
developed, so as to make the elec- 
tricity itself available. 

lie boiler. A, placed over & 
furnace, is furnished with the 
safety valve and lever, B. ITie 
boiler is of rolled iron, and 
strong enough to sustain an int«i^ 
nal pressure equal, at least, to 
100 pounds, to the square inch. 
Surmounting the bofler, which 
may be of any capacity from 10 
to 100 gallons, is the sheet iron 
box, C, coiitaining the tnbes 
through whicli the electrical steam 

Esses. This is attached to the 
iler by Bteans of a short tube 
having the stop-cock, D. This 
enters into a larger cross tube, E, 
into which enters the six jet tubes, 
F, for the escape of the steam. 

These jet tubes are of peculiar Uydn-EmtntiU .««»<«. 

construction, and on this de- 

i lends their efficacy in developing the electrical aura. The 
ower poition where they are attached to the cross tube, is of 
brass, and the upper, where the steam escapes, is of wood ; it 
bwng found that the metal would conduct off the electricity. 
In some machines these tubes are crooked, and in number 40 
or 50. 

304. Action. — Having half filled the boiler through thetuhu- 
lure, G, apply the fire with the stop-cock, D, open, so as to drive off 
the air, then having closed it, when the weight on the safety 
valve shows a pressure of 80 or 90 pounds to the square inch, 
open the stop-cock, and let in the steam. As it escapee, it 
will be found that the tubes and boiler are powerfully negative, 
while the steam itself is intensely positive. On approaching 
30* 
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a brass ball properly insulated to any of the escape tubes or 
box, vivid electrical flashes will be seen, displaying a very stri- 
king experiment. 

When large quantities are required, it is said that this is the 
best means of obtaining it 

306. Origin. — ^With respect to the origin of the electricity by 
steam, it is the theory of Dr. Faraday, that the friction between 
the steam and the wooden tops of the escape tubes, are its exciting 
cause, for if the safety valve be opened, and the steam be allow- 
ed to escape freely, not a vestage of electricity can be detected. 

The box, C, is filled with cold water during the experiment^ 
for it is found that when a portion of the escaping steam is 
condensed, the electricity is more abundant. 



CHAPTER XIV. 

MAGNETISM. 



306. The native Magnet or Loadstone, is an ore of troTi, 
which is found in various parts of the world. Its color is iron 
black ; its specific gravity from 4 to 5, and it is sometimes 
found in crystals. 

This substance, without any preparation, attracts iron and 
steel, and when suspended by a string, will turn one of ita sides 
toward the north, and another toward the south. 

It appears that an examination of the properties of this 
species of iron ore, led to the important discovery of the mag- 
netic needle, and subsequentiy laid the foundation for the 
science of magnetism ; though at the present day magDets are 
made without this article. 

The whole science of magnetism is founded on the fact, 
that pieces of iron or steel, after being treated in a certain man- 
ner, and then suspended, will constantly turn one of their ends 
toward the north, and consequently th* other toward the south. 
The same property has been more recently p'roved to belong to 
the metals, nickel and cobalt, though with much less intensity. 

307. Still more recently, it has been found by Prof. Faraday, 
that when a strong electro-magnet is employed, the following 

306. What is the native magnet or loadstone 1 What are the properties of the load- 
stone 1 On what is the whole subject of majnietlsm founded ? What other metals be- 
•ides iron possess the magnetic property 1 307. What roetala besides iron, nickel, and 
•obalt, are magnetic 1 
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metals will be acted upon with varying intensity, and therefore 
must be added to the list of magnetic metals, viz ; 9nanganese, 
chromium, cerium, titanium, palladium, platinum, and osmium, 

308. The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the heavens, 
which intersects the horizon at the points to which the mag- 
netic needle, when at rest, directs itself. 

309. The aais of a magnet, is a right line which passes from 
one of its poles to the other. 

The equator of a magnet, is a line perpendicular to its axis, 
and is at the center between the two poles. 

310. Leading Properties, — ^The leading properties of the 
magnet are the following : It attracts iron and steel, and when 
suspended so as to move freely, it arranges itself so as to point 
north and south ; this is called the polarity of the magnet. 
When the south pole of one magnet is presented to the north 
pole of another, they will attract each other ; this is called 
mxtgnetic attraction. But if the two north, or two south poles 
be brought together, they \yill repel each other, and this is 
called magnetic repulsion. 

311. When a magnet is left to move freely, it does not lie in 
a horizontal direction, but one pole inclines downward, and con- 
sequently the other is elevated above the line of the horizon. 
This is called the dipping or inclination of the magnetic needle. 
Any magaet is capable of communicating its own properties to 
iron or steel, and this, again, will impart its magnetic virtue to 
another piece of steel, and so on indefinitely. 

312. If a piece of iron or steel be brought near one of the 
poles of a magnet, they will attract each other, and if suffered 
to come into contact, will adhere so as to require force to sepa- 
rate them. This attraction is mutual ; for the iron attracts the 
magnet with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on watei^, when they will be seen to approach 
each other mutually. -^^ 

313. Force of Attraction, — ^The force of magnetic attraction 
varies with the distance in the same ratio as th^ force of gravity ; 
the attracting force being inversely as the square of the distance 
between the magnet and the iron. 

306. What are the poles of a macnet 1 309. What is the axis of a magaet 1 What is 
the equator of a magnet 1 310. What is meant by the polarity of a magnet 7 When do 
two magnets attract, and when repel eaob other 1 311. What is understood by the dipping 
of the magnetic needle 1 
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314. The magnetic force is not sensibly affected by the in* 
terposition of any substance except those containing iron, or 
steeL Thus, if two magnets, or. a magnet and piece of iron, 
attract each other with a certain force, this force will be the 
same if a plate of glass, wood, or paper, be placed between 
them. Neither will the force be altered, by placing the two 
attracting bodies under water, or in the exhausted receiver of 
an air-pump. This proves that the magnetic influence passes 
equally well through air, glass, wood, paper, water, and a vacuum. 

316. Destroyed by Heat. — Heat weakens the attractive power 
of the magnet, and a white heat entirely destroys it. Electricity 
will change the poles of the magnetic needle, and the explosion 
of a small quantity of gun -powder on one of the poles will 
have the same effect. 

The attractive power of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspending 
to the steel a little additional weight every day, for it will sus- 
tain, to a certain limit, a little more weight on one day than it 
would on the day before. 

316. Small natural magnets will sustain more than large 
ones in proportion to their weigl^t. It is rare to find a natural 
magnet, weighing 20 or 30 grains, which will lift more than 
thirty or forty times its own weight. But a minute piece of 
natural magnet, worn by Sir Isaac Newton, in a ring, which 
weighed only three grains, is said to have been capable of lifting 
746 grains, or nearly 250 times its own weight. 

317. Artificial Magnets, — The magnetic property may be 
communicated from the loadstone, or artificial magnet, id the 
following manner, it being understood that the north pole of 
one of the magnets employed, must always be drawn toward 
the south pole of the new magnet, and that the south pole of the 
other magnet employed, is 
to be drawn in the contrary 
direction. The north poles 
of magnetic bars are usu- 
ally marked with a line 
across them, so as to distin- 
guish this end from the oth- \ " ^^T ^*^"— *? 
er. Place two magnetic bars ' Artificial Moffmu, 

313. How is it proved that the iron attracts the magnet with the same force that 
the magnet attracts the iron ? 313. How does the force of magnetic attraction 
vary with the distance? 314. Does the magnetic force vary with the interposition 
of any substance between the attracting bodies? 315. What is the effect of neat on 
the magnet 1 What is the effect of electricity, or the explosion of gun-powder on it 1 
How may the power of a magnet be increased 1 316. What is said concerning the com' 
parative powers of great and small magnets ? 317. Explain Fig. 395. and ifescribe IIm 
mod« of making magnets. 
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A and B, Fig, 295, sq that the north end of one may be nearest the 
south end of the other, and at such a distance that the ends of the 
steel bar to be touched, may rest upon them. Having thus arran- 
ged them, as shown in the figure, take the two magnetic bars, D and 
E, and apply the south end of E, and the north end of D, to the 
middle of the bar, 0, elevating their ends as seen in the figure. 
Next separate the bars, E and D, by drawing them in opposite 
directions along the surfiEice of 0, still preserving the elevation 
of their ends ; then removing the bars, D and E, to the distance 
of a foot or more from the bar, C, bring their north and south 
poles into contact, and then having again placed them on the 
middle, C, draw them in contrary directions, as before. The 
same process must be repeated many times on each side of the 
bar, C, when it will be found to have acquired a strong and 
permanent magnetism. 

318. If a bar of iron be placed, for a long period of time, 
in a north and south direction, or in a perpendicular position, 
it will often acquire a strong magnetic power. Old tongs, 
pokers, and fire shovels, almost always possess more or less 
magnetic virtue ; and the same is found to be the case with the 
iron window bars of ancient Rouses, whenever they have hap- 
pened to be placed in the direction of the magnetic line. 



FIG. 396. 
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• Magnetic Rotation. 

319. A magnetic needle, such as is employed in the mariner's 
and surveyor's compass, may be made by fixing a piece of steel 
on a board, and then, drawing two magnets from the center 
toward each end, as directed at Fig, 295. Some magnetic 
needles, in time, lose their virtue, and require again to be mag- 
netized. This may be done by placing the needle still suspend- 

318. In what positions do ban of iron become magnetic ipontaneouily 1 319. How 
nay a needle be magnetized without remoTing from its pirot 1 
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ed on its pivot, between the opposite poles of two magnetic 
bare. While it is receiving the magnetism, it will be agitated, 
moving backward and forward, as though it were animated ; 
but when it has become perfectly magnetized, it will remain 
quiescent 

320. Magnetic Rotation, — ^It is quite interesting to observe 
the different directions the needle of a small magnetic compass 
will assume when moved round a bar magnet. If the latter be 
laid on the table, and the former carried slowly around it, from 
S, or south, to N, or north, and so back again on the other 
side, the needle will alternately take all the positions shown by 
Fig, 296. 

321. Dip of the Magnet. — ^The dip or inclination of the 
magnetic needle, is its deviation from its horizontal position, as 
already mentioned. A piece of steel, or a needle which will 
rest on its center, in a direction parallel to the horizon, before 
it is magnetized, will afterward incline one of its ends toward 
the Earth. This property of the magnetic needle was discov- 
ered by a compass-maker, who, having finished his needles 
before they were magnetized, found that immediately after- 
ward, their north ends inclined tA^ard the 
Earth, so that he was obliged to add small 
weights to their south poles, in order to 
make them balance as before. 

322. Dipping Needle, — Fig, 29Y is said 
to represent a convenient form of the dip- 
ping needle. It is a strongly magnetized 
steel needle, turning on the center of grav- 
ity, A B, in a brass frame which is suspend- 
ed by a thread. Thus the needle has 
univeraal motion. The scale is omitted as 
tlnnecessary for the present purpose. 

323. The dip of the needle does not 
vary materially at the same place, but dif- 
fere in different latitudes, increasing as it is 
carried toward the north, and diminishing 
as it is carried toward the south. At 
London, the dip for many years has varied 
little from Y2 degrees. In the latitude of 
80 degrees north, the dip, according to the 
observations of Captain Parry was 88 de- 
grees. 
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321. How wai the dip of the magnetic needle fint diieorered ? 383. What oireom- 
ftanoe ineraaiei or diminiihei the dip of the needle ? 
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324. Variation of the Magnet. — Although, in general 
terms, the magnetic needle is said to point north and south, yet 
this is very seldom strictly true, there being a variation in its 
direction, which differs in degree at different times and places. 
This is called the variation, or declination, of the magnetic 
needle. 

325. This variation is determined at sea, by observing the 
different points of the compass at which the Sun rises, or sets, 
and comparing them with the true points of the Sun's rising or 
setting, according to astronomical tables. By such observa- 
tions it has been ascertained that the magnetic needle is contin- 
ually declining alternately to the east or west from due north, 
and that this variation differs in different parts of the world at 
the same time and at the same place at different times. 

326. The annexed table shows at once, the dip, or inclina- 
tion, and the variation or declination of the needle, for a series 
of years. It was formed from observations made at Brussels, 
and by it there appears to be a gradual but constant diminu- 
tion of the angle, both of inclination and declination, in Europe. 



Month. 


Yeai* 


Inclinatioo. 


Declination. 


October, . . 
March, . . . 
March, . . 
March, . . . 
April, . , 
March, . . . 
March, . . 
March, . . . 
March, . . 
March, . . . 


1827, 
1830, 
1832, 
1833, 
1834, 
1835, 
1836, 
1837, 
1838, 
1839, 


680, 56', 5" 
680, 52', 6" 
680, 49', 1'/ 
680, 42', 8'/ 
680, 38', 4^' 
680, 35', 0" 
680, 32', 2'/ 
680, 28', 8" 
680, 26', 1" 
680, 22^, 4" 


220, 28', 8" 
220, 25', 3" 
220, 19', 0" 
220, 13', 4" 
220, 15', 2" 
220, 6', 7" 
220, 7", 6" 
220, 4', 3" 
220, 3', 7" 
210, 53', 6" 



327. The difference in the declination, which may be of 
much importance, as on it may depend the safety of ships at 
sea, is very material in different countries, and at different 
periods. Thus at present it is about 24° west at London. 
At Paris, 22° west. At New York, 5° 25' west, and at Hart- 
ford, about 6° west. 

Before 1660, the variation at London was toward the east, 
and on that year the needle pointed due north. From that 
time to the present, it has gained from two to six degrees to- 
ward the west every year. 

3SS4. What is meant hy Ijie .declination of the maenetie needle ? 396. What ehaogei 
doei the above table indicate!-. '327. Why it the difl^rence of declination of importance 
to ships? * 



The greatest variation of (lie magnetic needle, recorded, was 
that obasTTed by Capt Cook, which was about 43° west. This 
was in S. latitude, 60°, and E. longitude, 92° 36'. 



328. The face of the most imjxirtaDt of all nautical instni- 
ments, the Marineis' Compass, is represented b; Fig. 2&8. 
The magnetic needle is placed mtder the card on which are 
printed Die 32 points of the compass, with the letters by which 



each point is designated, so that nothing is seen of the means 
by which the face is kept in its proper direction. The face ia 
fitted up witli two sets of axes, so as to retain its horizontal 
position as the vessel rolls. 



CHAPTER XV. 

ELECTRO-HA<7KETll 



metals, one of vihick is mare easily oxyda- 
ire placed in acidulated teater, and the two 
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melals are made to touch each other, or a metallic eommunica- 
tioa U mad& bttwern them, there is excited an electrical or gal- 
vanic cTirreat, which passes from, the metal most easily oxydated, 
through the water, to the oUter metal, and from the other metal 
through the laater around to the jirat metal again, and so in a 
perpelaal circuit. 



Oainaxic Baiirf. 

330. If we take, for example, one slip of zino, and another 
of copper, and place them in a cup of diluted sulphuric acid, 
Fig. 2Sfl, thoir upper ends in contact and above the water, and 
their lower ends separated, then there will bo constituted a 
galeanic circle, of the, simplest form, consisting of three eje- 
mcQts, zine, acid, copper. The galvanic influence being excited 
bj the acid, will pass from the zinc, Z, the metal most easily 
oxydated, through the acid, to the copper, C, and from the cop- 
per to the zinc again, and so on continually, until one or the 
othy of the elements is destroyed, or ceases to act. 

The same effect will be produced, if instead of allowing the 
metallic plates to come in contact, a communication between 
them be made by means of wires, as shown by Fig. 300. In 
thia case, as well as in the former, the electricity proceeds from 
the zinc, Z, which is the positive side, to the copper, C, being 
conducted by the wires in the direction shown by the arrows. 

The completion of the circuit by means of wires enables «» 
to make experiments on dtfterent substances by passing the gal- 
vanic influence through them, this being the method employed 
to eshibit the effects of galvanic .baiteries, and by wbich the 
most intense heat maybe produced. 



$tS ELECT1L0-UAUKET1SM. 

When the two polea of a battery are conoected b; meana of 
a copper wire of a yard or two in length, the two parts being 
supported on a table in a north and souib direction, for Bome 
of the experimentfl, but in othera the direction must be changed 
as will be seen. This wire, it will be remembered, is called the 
uniting teire. 

331. Thfory. — In theory, the fig.soi. 
positive electricity is produced 

by the mutual acdon of the 
add, wat«r, and zinc ; the water, 
in small quantity, being decoin- 
poaed. If this action is too vio- 
Unt, that is, if the acid is too 
strong and the hydrogen pro- 
duoeo in too large quantity, the 
electrical current is diminished, 
or ceases almost entirely. 

332. Galvanic BATXEBtY. — • 
One of the most convenient 
forms of a galvanic battery for 
experiments described in this 
work, is represented by Fig. 301. 
It consists of a cylinder of sheet 

copper, within which is another asivanc Butay. 

of zinc. The zinc has for its 

bottom a piece of sheep-skin, or bladder, lied on with a string, 
and is suspended an inch or two fVom the bottom of the copper 
oyhnder. Or, the whole inner cylinder may be made of leather 
with a slip of zinc within it. This is done to prevent the fluid 
which the inner cylinder contains from mixing with that con- 
tained between the two ; and slill, the leather tieing porous, the 
water it contains conducts the galvanic influence from onS cell 
to the other, as already stated. The diameter of the outer cnp 
may be five or six inches, and the inner one three or four. The 
anc may be suspended by making two holes near the top and 
tying on a piece of glass tube or a slip of wood. This part 
has often to be removed and cleaned, by scraping off the black 
oiyd, which, if it remains, will prevent the action of the bat- 
tery. The action will be sustained much longer if the zinc ia 
amalgamated by spreading on it a little mercary before it is 
used, and while the snrface is bright. 

The cups, F N, are positive and negative poles. Tbey may 

Xa. BawiipailtinelHUigitipioduiMdl 33a. E:ipUliiFi(.3ai,wid>lw« UmuIhb 
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be made of percussion cape, soldered to the ends of two coppei 

wires ; the other ends being coocected by soldering, or other- 
wise, one witlithe zinc, and the other with the copper cylinder. 
The inner cup is to be 611ed with water, mixed with about a 
twentieth part of sulphuric acid, while the cell between the two 
contains a saturated solution of sulphate of copper, or blue 
vitrot. In order to keep the solution saturated, especially when 
casta are to be taken, some of the solid vitrol is to be tied in a 
nig, and suspended ia it. 



333. Tliis is the most powerful arrangement, Accordiug to its 
size and cost, which has been proposed, and ia that generally 
used for telegraphic purposes, J^iff. 302, shows a battery of 
twelve cup9, each of which consists of a cylinder of amalga- 
mated zinc, within which is a cup of unglazed clay ; these being 
placed within an outer cup of glass. To the aac is attached a 
conducting ami of the same metal, which reaches to the next 
series r)f cups, and at the end of which is attached a thin piece 
of platina, which dips into the porous cup, as shown by the 
8g,ir.. 



Ortm/i TtHtvOar BaUtTf. 

The battery is charged, by filling the claj cup with nitric 
acid, and the space within and around the zinc, which is open 
at the bottom and side, with sulphuric acid, diluted with 30 
parts of water. The action ia strong, and requires very little 

Tub Chkstbr BAiTBar. — ^Thia battery, the recent invention 
of Mr. Chester, of New York, is on the same principle as Grove's 
Battery, but experiment shows that it is much more economical, 
and requires much less care to keep it in order. It also is, much 
more durable than Grove's. 

333. DnerllM Uu tvlndplg of Qioni'i Ummrj, Pl(. 301. 



834. BzfOLTTNG Spur-Whbkl. — Many curioos experimants 
are made by combining the action of electricity with that of 
ms^etism. Such a combination is shown by Ji'ig. 303, where 
W IB a copper wheel cut into points, and made to revolve be- 
tween the leffB of a U magnet 6ied in nn upright position. 
The axis of the wheel is supported by strips of brass fastened 
to the magnetic poles, N and S. 
The trough, T, may be of brass or f"^' *"■ 

wood, and is placed between the 
tuAircation of the magnet. This 
contains a tittle mercury, into 
which the teeth of the wheel just 
dip, aa they revolve. 

335. On the platform or stand," 
to which the magnet is fastened, 
are two screw-cups to which the 



connected with the magnet, and 
through that, with the axis of the 
wheel, and the other with the 
mercury in the trough. Now 
on making the connection- be- 
tween the poles of the battery, 
the wheel begins to move, in con- 
sequence of- the attraction be- 
tween the. points of the wliffi 
and the mercury, and if the cur- HteiMng wiud. 

rent is strong the wheel turns 

with great velocity, snapping and striking fire as the points 
approach ibe fluid metal. The points "of the wheel should be 
amalgamated to make the experiment succeed well. 



336. This is a curious and singular arrangement, and will 
^uite astonish those who are not conversant with motions com- 
municated by galvanic influence. 

The cut, ^iff. 304, shows a connection between the spiral 
riibon. A, and the single Grove's battery, B, by means of a 
copper wire. The bent wire, C C, suspended in the middle, is 
set in motion by a spring below the milled-head, F, and is made 
to vibrate rapidly by clock-work, the ends of the wire dipping 
alternately in the glass cups, C C, containing mercury. The 
spring is wound up by tui'ning the milted-heaid. 
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Otck-Ktrk FUnMv fiW. 

The glass cups are open at the bottom to allow the mercury 
to come in contact with the brass pilUre on which they staod. 

Both of these pillars are connected with one of tile screw-cups, 
D D, while the other cup is connected with the middle brass 
pillar, E, on which is a brass cup of mercury. From the latter 
cup ascends a vertical wire, attached to the vihratiiig wire, as 
the figure shows. 

337. Such a quantity of mercury is put into the brass cup 
aa to keep the end of the vertical wire covered, and jnouffh 
into the glass cups, C C, to allow one end of the vibrating wire 
to leave the mercury in the cup, before the other end dips into 
that metal. 

338. The spiral ribbon is made by cutting strips of sheet 
copper, an inch wide, into lengths, and soldering them together. 
Then having covered the whole with cotton cloth, and rolled it 
into a spiral, like a watch-spring, the article in question is 
formed. At each end, tbe ribbon being sometimes 100 feet 
long, there is fixed a screw-cup to contain mercury for the poles 
of the battery. In the above, one end is connected with tbe 
battery, and the other with the screw-cup, D, and so to E, on 
the platform. 

Tne current must be transmitted through the two instru- 
ments in succession, by connecting one of the screw-cups with 
one of those attached to the spiral wire, and the other with 
. the pole of the battery ; the remaining cup on the spiral being 
made to communicate with the other pole of the battery. 

339. Action. — On making the connection with the spiral, 
M shown, and turning the milled'head to put the vibrating 
wire in motion, a brilliant spark will be seen, and a loud sni^ 
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heard, at the alternate mptnre of the contact betwe«Q the ends 
ot the wire and the mercury in the cups, C 0. 

With a battery of a few piuis of la^ uzed plates, the siae 
of the Bpark will be greatly increased. 

A atrong shock may also be given, especially when the mer- 
cury in the cape, C C, are covered with a little oil. 

|The aotbor is indebted for the abore, as well as for several 
other cuts of the same kind, to Davis's " Manual of Magnetdsm," 
Boston, lesO. 

This work oontaina the moat complete and extensive set of 
figures, and their descriptions, on the subjectB of Magnetism 
and Electrid^, ever published in this country. Price (1,00. 
The number of figures, 184.] 



840. This carious arrangement is the invention of Mr. Page. 
It consists of a U shaped magnet, 
the north and south poles, N S, fig. ids. 

bcdng fixed in the base boMi]. Be- 
tween these is a small electro-mag- 
net of iron, snironnded with insu- 
lated c<^per wire. Ihia is fixed 
to a revolring axis, or wire, the 
upper end of wluch is confined in 
the bend of the large magnet, and 
the lower one running in a sap- 
port below the electro -magnet. 
On the outside of the U magnet 
are the connecUng screws for the 
opposite poles of the battery, by 
Triiich the machine b operated. 
On the axis, and connected with 
the notches of the wheel, is an 
endless screw, and with this is con- 
nected the hammer, which strikes 
the bell, seen as a crown on the 

341. ^ft'on.— The operation, 
or motion, of this curious little 

engine, depends on the alternate i 

attraction and repulsion of the poles Btu Engim. 

of the U magnet, and those of llio 
small electro-magnet bctweeii tlipiu. Tlie Tjin^'nulisui of the 
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FIG. 306. 



latter depends ou the iDlluence of the battery with which it is 
connected) and therefore ceases when this connection is broken. 
The revolution is therefore caused by the mutual repulsion, and 
then the piutnal attraction between the two opposite poles of 
the two magnets, as the connection is broken and the poles of 
the electro-magnet are reversed. 

The hammer is made to strike by a pin on the wheel, 
moved by the endless screw, and which presses back the handle, 
until it is released, when a spiral spring on the handle impels 
it against the bell. 

342. If the wheel has 100 teeth, as in the cut, the electro-mag- 
net must revolve 100 times in order to produce one revolution of 
the wheel, and consequently one stroke on the bell. The velocity 
of the electro-magnet in this machine, as shown by the striking 
of the hammer, is sometimes equal to 6000 revolutions in a 
minute. 

343. Rotation of a Wheel, similar to, but more simple, 
than Fig. 303. The same force which throws the wire away 
from the mercury, will cause the 
rotation of a spur-wheel. For 
this purpose the conducting wire, 
instead of being suspended, as in 
the former experiment, must be 
fixed firmly to the arm, as shown 
by Fig, 306. A support for the 
axis of the wheel may be made 
by soldering a short piece to the 
side of the conducting wire, so as 
to make the form of a fork, the 
lower end of which myst be flat- 
tened with a hammer, and pierced 
with fine orifices, to receive the 
ends of the axis. 

The apparatus for a revolving- 
wheel is, in every respect, like 
that already described for the vi- 
brating wire, except in that above 
noticed, the wheel may be made 
of brass or copper, but must be 
thin and light, and so suspended as to move freely and easily. 
The points of the notches must be amalgamated, which is done 
in a few minutes, by placing the wheel on a flat surface, and 

343. Explain Fi;. 306. In what manner may the points of the spur-wheel b« amal- 
f amated t If the motion of the fluid is changed, what eflect doei it have on the wheel 1 




Rotatum of a Wked, 



308 ELECTRICAL HELIX. 

rubbing ihem with mercury by means of a cork. A litUe 
diluted acid from the galvanic battery will facilitate the process. 
The wheel may be from half an inch to several inches in dia- 
meter. A cent hammered thin, which may be done by heating 
it two or three times during the process, and then made per- 
fectly round, and its diameter cut into notches with a file, will 
answer every purpose. 

This affords a striking and novel experiment ; for when every 
thing is properly adjusted, the wheel instantly begins to revolve 
on touching with one of the wires of the battery the mercury 
in the cup, P, the other pole being in N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direction 
from what it did before. 

It is, however, not absolutely necessary to divide the wheel 
into notches, or rays, in order to make it revolve, though the 
motion is more rapid, and the experiment succeeds much better 
by doing so. 

344. Electro -Magnetic Induction. — Experiment proves 
thai the passage of the galvanic current through a copper wire 
renders iron magnetic when in the vicinity of the current. 
This is called magnetic induction. 

The apparatus for this 
purpose is represented by ^ fig.sot. 

Fig. 307, and consists of 
a copper wire coiled, by 
' winding it around a piece 
of wood. The turns of the 
wire should be close to- 
gether for actual experi- 
ment, they being parted Electrical hmx, 
in the figure to show the 

place of the iron to be magnetized. The best method is, to 
place the coiled wire, which is called an electrical helix, in a 
glass tube, the two ends of the wire, of course, projecting. 
Then placing the body to be magnetised within the folds, send 
the galvanic influence through the whole by placing the poles 
of the battery in the cups. 

345. Steel thus becomes permanently magnetic, the poles, 
however, changing as often as the fluid is sent through it in a 
contrary direction. A piece of watch-spring placed in the helix, 

344. What is meant by magnetic induction ? Explain Fig. 307. What- is the figure 
called 1 345. Does any substance become permanently magnetic by the electrical hwi j t 
How may the [loles of a magnet be changed by the helix 1 
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and then suspended, will exhibit polarity, but if its position be 
reversed in the helix, and the current again sent through it, the 
north poles will become south. If one blade of a knife be put 
into one end of the helix, it will repel the north pole of a mag- 
netic needle, and attract the south ; and if the other blade be 
placed in the opposite end of the helix, it will attract the north 
pole, and repel the south, of the needle. 

346. Temporary Magnets. — Temporary magnets^ of almost 
any power ^ may he made by winding a thick piece of soft iron 
with many coils of insulated copper tvire, and parsing the gal- 
vanic influence through it. 

The best form of a magnet for this purpose is that of a horse- 
shoe, and which may be made in a few minutes by heating and 
bending a piece of cylinder iron, an inch or two in diameter, 
into this form. 

The copper wire (bell wire) may be insulated by winding it 
with cotton thread. If this can not be procured, common bon- 
net wire will do, though it makes less powerful magnets than 
copper. 

347. The coils of wire fig.308. 
may begin near one pole 
of the magnet and termi- 
nate near the other, as 
represented by Fig, 308, 
or the wire may consist 
of shorter pieces wound 
over each other, on any 
part of the magnet. In 
either case, the ends of 
the wire, where several 
pieces are used, must be 
soldered to two strips of 
tinned sheet copper, for 
the combined positive 
and negative poles of the 
wires. To form the mag- 
net, these pieces of cop- 
per are made to communicate with the poles of the battery, by 
means of cups containing mercury, as shown in the figure, or 
by any other methoji. 

348. The effect is surprising, for on completing the circuit 
with a piece of iron an inch in diameter, in the proper form, 

346. How may temporary magneto be made 1 347. For what purpose are the endt of 
the wiiei to be soldered to pieces of copper 1 348. What is meant by thermo-electricity 7 
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■ud fntpnlj wonnd, a m&n will find it diScoIt to pnlT off the 
annatim from the poles ; bnt on displadn^ one of tha gulvanio 
poles, the attraction ceaMS instantly, and tne man, if n^t care- 
fnl, will bll backward, taking the armature with him. Magnets 
have been constructed in this manner, which would sugpend ten 
thousand pounds. 



349. This means electricity by heat, and its principles will 
be nnderstood, when it is staled that if any two metab of dif- 
ferent kinds be joined together and then heated, a current of 
electricity will pass from one to the other. Thus, if two wires 
of a few inches in length, German-ail ver, and braas, have their 
ends soldered together, and the junction heated with an alcohol 
lamp, or by other means, a current of electricity will flow from 
the silver to the brass, which may be detected by the galva- 
nometer, or by the common electri(»l needle. 

360. Composilion of Oerman-ailver. — As this alloy is cheap, 
and is mnch used for electrical purposes, we give its proportJons. 
In 100 parts, it consists of copper SO, zinc 30, and mckel 20. 
This alloy is a positive electric to all other metals except bis- 
muth, to which it is negative. 



71«nu-£bclriat|>. 

Writers give a great variety of combinations of different 
metals, with the amount of electrical infiaence indicated hy each. 
Among these, that shown by Fig. 309, is among the most easily 
constructed and moet powerful. It consists of ten strips of 
Oerman-eilver, and as many of brass, rolled tiiin and laid on 
each other with their alternate ends soldered tc^cther. Strips 
of pasteboard are placed between the adjacent metals, so that 
they touch only at the ends where they are soldered. Ifow by 
heating the end opposite the poles wilh a spirit lamp, and bring- 
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ing the poles in contact, an electrical current will flow from one 
side or pole, to the other, in the direction of the arrows. 

EUECTBOTTFB. 

351. The art of covering the base metals, as copper, and the 
alloys of zinc, tin, <&;c., with gold and silver, as also of cop3ring' 
medals, by means of the electrical current, is called electrotype 
or voltatt/pe. 

This new art is founded on the simple fact, that when the 
galvanic influence is passed through a metallic solution, under 
certain conditions, decomposition takes place, and the metal is 
deposited in its pure form on the negative pole of the battery. 

The theory by which this effect is explained is, that the 
hydrogen evolved by the action of the add on the positive pole 
of the battery, combines with the oxygen of the dissolved metal 
forming water, while the metal itself thus set free, is deposited 
at the negative side of the battery. 

Many of the base metals, as copper, the allop of zinc, and 
tin, may by such means be covered with gold, or silver, and 
thus a cheap and easy method ofgilding and plating is effected. 

352. CoPTiNO OF M|:dals. — ^T^is new art has l^en applied 
very extensively in the copying of ancient coins and medals, 
which it does in the utmost perfection, giving every letter, and 
feature, and even an accidental scratch, exactly like the original. 
When the coin is a cameoy the figures or letters being raised, it 
is obvious that if the metal be cast directly upon it, the medal 
will be reversed, that is, the figures will be indented, and the 
copy will be an intaglio instead of a cameo. To remedy this, 
a cast, or impressio'h must first be taken of the medal, on which 
the electrotype process is to act, when the copy will, in all 
respects, imitate the original. 

There is a variety of ways of making such casts, according to 
the substance used for the purpose. We shall only mention 
plaster of Paris, wax, and fusible metal. 

363. Plaster Casts. — When plaster is used, it must be, 
what is termed baked^ that is, heated, so as to deprive it of all 
moisture. This is the preparation of which stereotype casts are 
made. The dry powder being mixed with water to the con- 
sistence of cream, is placed on the medal with a knife to the 
thickness of a quarter or half an inch, according to its size. In 
a few minutes the plaster sets^ as it is termed, or becomes hard. 
To insure its easy detachment, Ihe medal is rubbed over with ^ 
litUe oil. 
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The cast thus formed is first to be coated with boiled linseed 
oil, and then its face covered with fine pulverized black lead, 
taking care that the indented parts are not filled, nor the raised 
parts left naked. The lead answers the purpose of a metallic 
surface, on whioh the copper is deposited by the galvanic current. 
This is a curious and verj convenient discovery, since wood cuts, 
engraved stones, and copies in sealing-wax, can thus be copied. 

To insure contact between the black lead on the face of the 
cast and the wire-conductor, the cast is to be pierced with an 
awl, on one of its edges, and the sharp point of the wire passed 
to the face, taking care, after this is done, to rub on more lead, 
so that it shall touch the point of "the wire, and thus communi- 
cate with the whole face of the medal. 

354. Wax Casts. — To copy medallions of plaster of Paris, 
place the cast in warm water, so that the whole may be satura- 
ted with the water, but keeping the face above it. When the 
cast has become warm and moist, remove, and having put a 
slip of paper around its rim, immediately pour into the cup thus 
formed bees wax, ready melted for this purpose. In this way 
copies may be taken, not only from plaster casts, but from those 
of other substances. 

To render the surface of the wax p conductor of electricity, it 
is to be covered with black lead in the manner directed for 
plaster casts. This is put on with a soft brush, until it becomes 
black and shining. 

The electrical conductor is nov to be heated and pressed upon 
the edge of the wax, taking care that a little of its surface is left 
naked, on, and around which the black lead is again to be 
rubbed, to insure contact with the whole su^ace. 

Both of the above preparations require considerable ingenuity 
and attention, in order to make them succeed in receiving the 
copper. If the black lead does not communicate with the pole, 
and does not entirely cover the surface, or if it happens to be 
a poor quality, which is common, the process will not succeed ; 
but patience, and repeated trials, with attention to the above 
descriptions, will insure final success. 

365. Fusible Metal Casts. — ^This alloy is composed of 8 
parts of bismuth, 6 of lead, and 3 of tin, melted together. It 
melts at about the heat of boiling water, and hence may be 
used in taking casts from engraved stones, coins, or such other 
substances as a small degree of heat will not injure. 

To take a cast with this alloy, surround the edge of the medal 
to be copied, with a slip of paper, by means of paste, so as to 
form a shallow cup, the medal being the bottom. Then hav- „ 
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ing melted the alloy in a spoon, over an alcohol lamp, pour it 
in, giving it a sudden blow on the table, or a shake, in order to 
detach any air, which may adhere to the medal. In a minute 
or two it will be cool, and ready for the process. 

Another method is, to attach the medal to a stick, with seal- 
ing-wax, and having poured a proper quantity of the fused alloy 
on a smooth board, and drawn the edge of a card over it, to 
take off the dross, place the medal on it, and with a steady 
hand let it remain until the cast cools. 

Next, having the end of the copper wire for the zinc pole 
clean, heat it over a lamp, and touch the edge of the cast there- 
with, so that they shall adhere, and the cast will now be ready 
for the galvanic current. 

To those who have had no experience in the electrotype art, 
this is much the best and most easy method of taking copies, 
as it is not liable to failure like those requiring the surfaces of 
the moulds to be black leaded, as above described. 

366. Galvanic Arrangement. — Having prepared the moulds, 
as above directed, these are next to be placed in a solution of 
the sulphate of copper, (blue vitrol) and subjected to the elec- 
trical current For this purpose only a very simple battery is 
required,* especially where the object is merely a matter of 
curiosity. 

For small experiments, a glass jar holding a pint, or a pitcher, 
or even a tumbler will answer, to hold the solution. Provide 
also a cylinder of glass, two inches in diameter, and stop the 
bottom with some moist plaster of Paris, or instead thereof, tie 
around it a piece of bladder, or thin leather, or the whole cylin- 
der may be made of leather, with the edges sewed nicely to- 
gether, and stopped with a cork, so that it will not leak. The 
object of this part of the arrangement is, to keep the dilute sul- 
phuric acid which this contains, from mixing with the solution 
of sulphate of copper, which surrounds it, still having the 
texture of this vessel so spongy as to allow the galvanic current 
to pass through the moisture which it absorbs, water being a 
good conductor of electricity. 

Provide also a piece of zinc in form of a bar or cylinder, or 
slip, of such size as to pass freely into the above described 
cylinder. 

Having now the materials, the arrangement will readily 
be understood by Fig. 310, where C is the vessel containing 
the solution of sulphate of copper ; A, the cylinder of leather, 
or glass ; Z, the zinc, to which a piece of copper wire is fast- 
ened, and at the other end of which, is the cast, M, to be 

32 
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copied. The proportions for the vessel. A, are "«■ 3i0- 
AtHHit 1 part sulphuric add to 16 of water by 
measure. The MJution of copper for C, may be in 
the proportiona of 2 ounces of the salt to 4 ouocee 
of vat«r. The voltaic current passes from the 
pceitive eino to the negative amalgam cast, where 
the pure copper is deposited. 

In order to keep the solution 8aturat«d, a little 
sulphate of copper is tied in a rag, andsuspended 
in the solution. In 24 or 36 hours, the copper, 
(if all is right,] wilt be sufficienUy thick on the 
cast, the back and edges of which should be cov- 
ered with varnish to prevent its deposition except on the face. 

If the copper covers the edges, a file or knife will remove it, 
when by inserting the edge of the knife between the two metals, 
the copy will be separated, and will be found an exact copy ot 
the ori^nal. 

If the acid in the inner cylinder is too strong, the process is 
often too vigorous, and the deposition, instead of being a film 
of solid copper on the cast, will be in the form of small gnuns 
on the lower end of the wire. The weakest power consistent 
with precipitation should therefore be applied. 



357. This is an improv- 
ed method ofcopyiiigeasts, ^^- '"■ 
or moulds, in copper. It 
consists of two gla<s ves- 
sels, each holding a pint, 
or leas, one of which hoMs 
the battery, and the otli- 
er the depositing appan- 
tuH, lliese arrHH^ments 
will be Tnidei'ptooil bv fiff. 
311, of which 1 is ii little 
mercury on the bo'tijii) of 
the vessel, contniniiig ibo 
battery. Just alwve (his 

is a piece of platiiimn foil, s^„; bmutt. 

suspended in the enter. 

A piece of zinc, i, rests ajrainst the side of the vessel. A curved 
copper wire, 3, defends through the liquid, insulated by a glass 
tube. This wire, by the mercury, connects the zinc plate with 



the metallic cup on the top of the jar, and by the wire, 2, with the 
other jar. The wire, 5, descends from the acrew-cup into the de- 
pouting cell, to the end of which the cast, ft, ia suspended. The 
plate, 7, is a piece of copper suspended in the solution of sulphate 
of copper, in order to keep it always of the same strength, a 
portion being dissolved, while anoUier portion is depomted on 
the cast. 

The liquid in the battery ia composed of one part sulphu- 
ric acid, and 20 or 30 of water. That in the depositing side, is 
composed of 2 ounces of sulphate of copper, 1 ounce of salphu- 
rio add, and 15 ounces of water. 

The general directions for obtaining casts have been g^ven 
above, and need not be repeated. 



3Sd. The apparatus. Fig. 312, is designed to communicate 
strong and permanent magnetism to steel. It condsts of a 
■mall Smee's battery, with its opposite poles connected with the 
horizontal U magnet, which is closely wound with insulated 
copper wire. Of course the wires convey the electrical influence 
from the positive to the negative sides of the battery. 



Magncti-m If Elcclrt-Magnaiitit. 

The cut represents a U magnet in the process of being mag- 
netized. This is done by drawing it from the bend, across the 
electro- magnet to the poles, and repeating this on both its sides, 
taking care to do it in the same direction. A steel bar may be 
magnetized by the same process, or, if a short one, by applying 
il as an armature to the poles of the electro-magnet ; the north 
pole becoming the south pole of the new magnet 

369. To remove the m^netism of a steel magnet of the TJ 
form, it is only required to reverse the process, that is, to place 
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one of its poles on each pole of the electro-magnet, and draw it 
over them, in the direction contrary to the indication of the 
arrow seen in the figure. 

In the vertical magnet, the letters, N S, indicate its north and 
south poles. 

BLBCTRO-GILDING. 

360. Gilding without a Battery. — After the solution is pre- 
]>ared, the process of electrotype-gilding is quite simple, and 
may be performed by any one of common ingenuity. 

The solution for this purpose is cyanide of gold dissolved in 
pure water. This is prepared by dissolving the metal in aqua- 
regia, composed of one part nitric, and two of muriatic acid. 
Ten or fifteen grains of gold, to an ounce and a. half of the 
aqua-regia may be the proportions^" The acid being evaporated, 
the salt which is called the chloride of gold is dissolved in a 
solution, made by mixing an ounce of the cyanuret of potash 
with a pint of pure water. The cyanuret of potash is decom- 
posed and a cyanide of gold remains in solution. About 20 
grains of the chloride of gold is a proper quantity for a pint of 
the solution. The cyanuret of potash, and the chloride, or 
(ftcyd of gold, may be bought at the apothecaries. 

Having prepared thfi solution, the most simple method of 
gilding is to pour a quantity of it into a glass jar, or a tumbler, 
and place in it the silver, copper, or German-silver to be gilded, 
in contact with a piece of bright zinc, and the process will im- 
mediately begin. No other battery, except that formed by the 
zinc, and metal, which receives the gold, is required. The zinc 
at the point of contact must be bright and well fastened to the 
other metal, by a string, or otherwise. The process will bo 
hastened by warmth, which may be applied by placing the jar 
and its contents in a vessel of warm wat«r. So far as the 
author knows, this simple process originated with himself, and 
answers admirably as an experiment in the electrotype art. 
The gold, however, is apt to settle upon the zinc, but which may 
be prevented by a little shellac varnish rubbed on it, except at 
the point of contact. The handles of scissors, silver spectacles, 
pencils, cfec, may be handsomely gilt by this process. 

361. Gilding with a Battery. — If the operator desires to 
extend his experiments in the art of electro-gilding, a small bat 
tei^ must be employed, of which there are many varieties. 
The best for more extensive operations, is that composed of 
platinized silver, and amalgamated zinc. 
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For tbis purpose the platina is first dissolved in aqua-regia, 
in proportion of 10 grains to the ounce, and then precipitated 
on the silver. The silver is in sheets, such as is used for pla 
ting, no thicker than thin writing paper. This may be obtained 
of the silver platers, and being well cleaned, is ready for the 
process. ♦ 

These plates being covered with platina, are insoluble in the 
acid employed, and hence they will last many years. The amal- 
gamated plates are also durable, and do not require cleaning. 

362. These platinized sheets are confined between two plates 
of amalgamated zinc. The process of amalgamation consists in 
rubbing mercury, with a litlJe mass of cotton wool held in the 
fingers, on the clean zinc. These plates may be fixed half an 
inch apart by means of little pieces of wood, with the sheets 
between them, but not touching each other. The plates, hav- 
ing a metallic connection, form the positive side of the battery^ 
while a copper wire soldered to the silver sheets makes the nega- 
tive side. The dimensions of these plates may be four or five 
inches long, and three or four wide. 

For experimental purposes, however, a less expensive battery 
may be used, that represented by Fig, 310, made of copper and 
zinc, being sufficient. , 

To gild by means of a battery, place the solution, made as 
above described, in a glass vessel, and connect the article to be 
gilded with the pole coming from the zinc side of the battery, 
letting the other wire, which should be tipped with a little piece 
of gold, dip into the solution. The gilding process will imme- 
diately begin, and in three or four hours a good coat of gold 
will be deposited on the article immersed. 

To keep the solution quite pure, the tips of the poles where 
they dip into the fluid should be of gold. If they are of copper, 
a portion of the metal will be dissolved and injure the result. 

IIYDROOTNAMIC EZPBRIMNET. 

Description. — ^This, Fig, 313, represents the curious and 
striking effect of a small jet of water in suspending a cork ring 
in the open air. In the instance to be described, the source 
of the jet is about fourteen feet above the level of the fountain. 

The iron tube leading to the jet, is about six feet high, and 
the aperture of the jet-tube, the tenth of an inch across, above 
which the stream rises to the height of four or five feet. 

The rings are of cork, and may be from two to three inches 
in diameter, the thickness of the material being about the 

32» 
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fourta of an ioch, and the external or outside surface b 
convex, and in width, half an inch or less. 



\\ 



,A 



Having set the jet in motion, the ring is taken between the 
thumb and finger, and holding it upright, the external circum- 
ference is made to touch the jet, sii or eight inches above the 
tabe, when the hand being withdrawn, the ring will remain 
sDspended on the side of the stream, revolving with intense 
velocity, so as to throw the spray ten or fifteen feet in each 
direction, as indicated by the figure. 

The rings used, are severally 2-^, 2^, and 3i inches in cxter- 
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nal diameter, the last being the largest we have succeeded in 
suspending, though we doubt not much larger ones might be 
made to succeed on larger and more powerful jets. The rings 
are painted of various prismatic colors, so that when revolving, 
they resolve these several colors into one, thus affording quite 
a curious and striking chromatic experiment, very wonderful 
and gratifying to those who are unused to such exhibitions. 

When the air is still, the ring will remain in its place for 
any length of time, as from evening till morning, or during 
twenty -four hours, as we have oft^n witnessed. It is obvious 
that a slight wind will insure its fall, by forcing the jet out of 
the vertical direction. 

The question, by what counteracting forces this phenomenon, 
so striking and interesting to every beholder, is explained, re- 
mains to be demonstrated by those who are acquainted with 
the laws of dynamics. 

The principle by which these rings are suspended, is obvi- 
ously quite different from that by which balls are raised by jets 
of water. K any one will send the author a popular demon- 
stration of it, the next edition shall contain the same. The 
author does not claim this experiment as his invention, 
though he has never seen it except at his own fountain. 

DBBCRIFTION OF A WHBBL TURNED BT THB UPWARD FOROB OF A 

HYDRAULIC JET. 

The annexed figure represents a wheel turned by the same 
force by which the rings are made to revolve, already described 
in the foregoing page. Fig, 313. 

This little machine consists of two wheels, A and B, running 
on the same axis, supported by slips of sheet brass, fixed to a 
socket, which fits the end of the iron tube conveying the water, 
and from which also arises the jet-tube, the tenth of an inch 
in diameter, as seen in the figure. The axis is of wood, about 
five inches long, terminated at each end by pieces of brass or 
iron wire, driven into the wood, and on which the machine 
turns. 

The two wheels are about two inches apart, so that the water, 
as it acts on the one, may not interfere with the other. The 
small wheel, B, which is the water-wheel, is two and a half 
inches in diameter. The buckets, eight in number, are made of 
common tin, a little hollowed on the lower side, and are, in 
length, about three-quarters of an inch. The action of the jet 
on the under side of these, forms the force by which the ma- 
chine is moved. 
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The l&iger wheel, A, is eight incbes in diameter, oi thin wood, 
and, like all parte of the machine, is covered by several coats 
of oil-paint, so as entirely to exclude the water. The side shown 
is divided into compartments of variously colored circles, so 
that, when in motion, these colors are blended each into a sinde 
color, presenting a very striking .chromatic experiment. Its ele- 
vation on the top of the iron tube is about six feet trom the 
basin into which the water falls. The other side presents tlie 
solar spectrum, the seven colors being painted in their respect- 
ive proportions to each other, so as to form white by resolution, 
when the wheel is in motion. Experiment, however, shows 
that it is not without difficulty that a perfect white is presented 
by such means. This subject is explained and illustrated at 
page 278. 
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DAOUERREOTYPB. 



363. This branch of photography was the invention of M. 
Daguerre, an ingenious French artist, and i§ entirely independ- 
ent of the art of taking impressions on paper, as above des- 
cribed. In that the pictures are reversed, in this they are in 
the natural position, and, instead of paper, the picture is on 
flilver. 

As an art, this is' one of the most curious and wonderful dis- 
coveries of the present age ; for, when we witness the variety 
of means necessary to the result, it would appear equally im- 
probable that either accident or design could possibly have pro- 
duced such an end by means so various and complicated, and to 
which no other art, (save in the use of the camera obscura,) has 
the least analogy in the manner in which the object is accom- 
plished. 

This being a subject of considerable public interest, and, with- 
al, a strictly philosophical art, we shall here describe all the 
manipulations as they succeed each other in producing the result, 
a human likeness. 

The whole process may conveniently be divided into eight 
distinct operations. 1st. I^olishing the plate. 2d. Exposing it 
to the vapor of iodine. 3d. Exposing it to the vapor of bromine. 
4th. Adjusting the plate in the camera obscura. 5th. Exposing 
it to the vapor of mercury. 6th. Removing the sensitive coat- 
ing. 7 th. Gilding the picture. 8th. Coloring the picture. 

1. Polishing the Plate. — The plates are made of thin sheets 
of silver, plated on copper. It is said that, for some unknown 
reason, the photographic impression takes more readily on these 
plates than on entire silver. The silver is only thick enough to 
prevent reaching the copper in the process of scouring and 
polishing. • 

The polishing is considered one of the most difficult and im- 
portant manipulations in th 3 art ; and, hence, hundreds of pages 
have been written to describe the various methods devised and 
employed by different artists and amateurs. 

We can only state here that the plate is first scoured with 
emery, to take off the impressions of the hammer in plenishing; 
then pumice, finely powdered, is used, with alcohol, to remove 
all oily matter, and, after several other operations, it is finally 
given the last finish by means of a velvet cushion covered with 
rouge. 

2. Iodizing the Plate — After the plate is polished, it is in- 
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stantlj covered from the breath, the light, and the air, nor most 
it be touched, even on the edges, with the naked hand ; but, 
being placed on a little frame, with the face down, it is carried 
to a box containing iodine, over which it is placed as a cover. 
Here it remains for a moment or two in a darkened room, being 
often examined by the artist, whose eye decides, by the yellow- 
ish color to which the silver changes, the instant when the 
metal has combined with the proper quantity of iodine. This 
is a very critical part of the process, and requires a good eye 
and much experience. The vapor of iodine forms a film of the 
iodide of silver on the metal, and it is this which makes it sensi- 
ble to the hght of the camera, by which the picture is formed. 
If the film of iodine is too thick, the picture will be too deep, 
and dark ; if too thin, either a light impression, or none at all, 
will be made. 

8. Exposure of the Vapor of Bromine. — ^Bromine is a pe- 
culiar substance, in the liquid form, of a deep red color, exceed- 
ingly volatile, very poisonous, and having an odor like chlorine 
and iodine, combined. It is extracted from sea-water, and the 
ashes of marine vegetables. 

This the photographic artists call an a/xelerating substance, 
because it diminishes the time required to take the picture in 
the camera obscura. 

The iodized plate will receive the picture without it, but the 
sitter has to remain without motion before the camera for sev- 
eral minutes, whereas, by using the bromine, the impression is 
given in a minute, or in a minute and a quarter. Now, as the 
least motion in the sitter spoils the likeness, it is obvious that 
bromine is of much importance to the art, especially to nervous 
people and children. 

The bromine is contained in a glass ves^l closely covered, 
and is applied by sliding the plate over it for a few seconds. 

4. Adjusting the Plate in the Camera. — The plate is now 
ready for the photographic impress'on by means of the camera. 
If a likeness of a person is to be taken, he is already placed 
before the instrument, in a posture which the artist thinks will 
give the most striking picture, and is told that the only motion 
he can make, for a half a minute to a minute, is toinhing. 

The artist now takes the plate from a dark box, and, under 
cover of a black cloth, fixes it in the focus of the lens. This is 
done in a light room, with the rays of the sun diflfused by 
means of white curtains. 

The artist having left the sitter for the specified time, returns, 
and removes the plate for the next operation. Still, not the 
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least visible change lia^ taken place on the bright surface of ijie 
silver. If examined ever so nicely, no sign of a human face is 
to be seen, and the sitter who sees the plate, and knows nothing 
of the art, wonders what next is to be done. 

6. Exposure to the Fumes of Mercury. — ^The plate is next 
exposed to the fumes of mercury. This is contained in an iron 
box, in a darkened room, and is heated, by means of an alcohol 
lamp, to about 180 degrees, Fah. The cover of the box being 
removed, the plate is laid on, with the silver side down, in its 
stead. 

After a few minutes, the artist examines it, and, by a faint 
light, now sees that the desired picture begins to appear. It is 
again returned for a few minutes longer, until the likeness is 
fully developed. 

If too long exposed to the mercury, the surface of the silver 
turns to a dark ashy hue, and the picture is ruined ; if removed 
too soon, the impression is too faint to be distinct to the eye. 

6. Removal of the Sensitive Coating, — The next operation 
consists in the removal of the iodine, which not only gives the 
silver a yellowish tinge, but, if suffered to remain, would darken, 
and finally ruin the picture. Formerly this was done by a so- 
lution of common salt, but experiment has shown that the pe- 
culiar chemical compound called hyposulphate of Soda, answers 
the purpose far better. This is a beautiful transparent crystal- 
ized salt, prepared by chemists for the express purpose. 

A solution of this is poured on the plate until the iodine is 
entirely removed, and now the picture, for the first time, may 
l>e exposed to the light of the sun without injury, but the plate 
. has still to be washed in pure water, to remove all remains of 
the hyposulphate, and then heated and dried over an alcohol 
lamp. 

7. Gilding the Picture. — ^This is called fixing, by the chloride 
of gold. 

Having washed the picture thoroughly, it is then to be placed 
on the fixing-stand, which is to be adjusted, previously, to a per- 
fect level, and as much solution of chloride of gold as the plate 
can retain,' poured on. The alcohol lamp is then held under all 
parts of it successively. At first the image assumes a dark color, 
but in a few minutes grows light, and acquires an intense and 
beautiful appearance. 

The' lamp is now removed, and the plate b again well washed 
in pure water, and then dried by heat. 

Before gilding, the impression may be removed by repolish- 
ing the plate, when it is perfectly restored ; but, after gliding. 
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no polishing or scouring will so obliterate the picture, as to make 
if^nswer for a second impression. Such plates are either sold 
for the silver thej contain, or are re-plated by the electrotype 
process. 

8. Coloring the Picture, — Coloring daguerreotype pictures is 
an American invention, and has been considered a secret, though 
at the present time it is done with more or less success by most 
artists. 

The color consists of the oxyds of several metals, ground to 
an impalpable powder. They are laid on, in a dry state, with 
soft camel-bair pencils, after the process of gilding. The plate 
is then heated, by which they are fixed. This is a veiy delicate 
part of the art, and should not be undertaken by those who 
have not a good eye, and a light hand. . 

PHOTOGRAPHY. 

364. The photographic art, which literally means " picture 
making by light," owes its present state of perfection to the un- 
tiring and long-continued zeal of several scientific men in France, 
England, and America. It is a curious and highly interesting 
fact, that all the materials by which the desired result is pro- 
duced, with the exception of the salts of silver, are of recent 
discovery, as collodion, bromine, and iodine, and, without the 
use of which, the art in question must have remained unknown. 

1. At the present time, the photographic picture is produced by 
first taking the likeness on a glass plate, prepared for this pur- 
pose, by covering it with a mixture of collodion and iodine 
(collodion is dissolved gun-cotton). This is done that, when the 
plate is dipped in a solution of nitrate of silver, a sensitive coat, 
the iodide of silver, may be formed on it. The glass plate, thus 
prepared, is next placed in the camera, in the usual manner for 
taking daguerreotype pictures, and the picture is formed by the 
same process. 

2. A sheet of white paper is prepared for the image by coat- 
ing it with a solution of nitrate of silver, and drying it in the 
dark. 

3. This paper is next placed on the coated surface of the 
plate, and the whole is exposed to the direct rays of the sun, 
when the desired picture is the result of the action of the light 
on the prepared paper, through the image already contained for 
this purpose on the glass plate. 

Several of the distinct processes by which the plate is pre- 
pared for use are common to the daguerreotype art, and need 
not, therefore, be repeated here. 



HORSSa BLBOTRO-HAaNBTIC TELEGRAPH. S8S 

Firet rate Photo^aphic pictures are pi-oduced by Mr. N. A. 
Moore, No. 162 Main street, Hartford, who has been so kind an 
to foraish us with the elemeats of the above EtatemenL 



365. The meam by which Mr. Morse has produced his 

wonder-working and important machine h the production of a 
temporary magnet, by the inSuence of the galvanic fluid. 

We have already described the method of making leinporary 
magnets of soft iron, by covering the latter with insulated cop- 
per wire, to each end of which the poles of a small galvanic 
battery is applied. 

The description of Fiff. 308, with what is said before on the 
subject, will inform the student bow the power is obtained by 
which the philosopher in question has brought before the world 
such wonderful and unexpected eflects. 

* The machine itself is sufficiently simple, and will be compre- 
hended at once, by those who have made electro-magnetic ex- 
periments, by the anneifed diagram and description. 



Principle af Marte'i TVepniph. 

366, Deaeriptiim. — The U m^net. A, Fig. 315, is prepared, 
aa already described, by being surrounded by many folds of in- 
sulated wire. The armature, B, is fixed on a lever, acting on a 
fiilcrum, and passing to the roller, C. This end of the lever is 
armed with a point, by which the marks are made, answering 
to the letters of the alphabet. The strip of paper, D, comes 
from a roller, not seen, passing between the roller, C, and ihe 
point. The cups and thumb^rews, P N, are for the purpoio 
of securing the two magnetic poles of the battery, when in use. 
The cups contain mereury as usual. 

367. Action. — Having described the machinery, its action ii 
as follows : It hac already been explained that, when a bar of 

S3 
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soft iron, covered by insulated wire, has its two poles connected 
witi* a galvanic battery, the iron instantly becomes a magnet, 
but returns to its former state the instant the connection between 
them is broken. To break the circuit, it is only necessary to 
take one of the polar wires from the cup N or P. Suppose 
then that the poles of the U magnet are in the cups, and every 
thing ready for a telegraphic communication, then, one of the 
poles of the battery being already in the cup, the other being 
inserted, the armature, B, is attracted, and the point on the lever 
is elevated, making its mark on the strip of paper, D, which is 
drawn along under the roller, C, by a weight, not seen in the 
figure. 

The lever, being a spring, the instant one of the poles of the 
battery is taken from the cup, the U magnet loses its force, and 
the armature rises, thus leaving a blank on the paper 

368. Signal Key. — 

This part of the instru- ^^^' ^^^' 

ment -consists of two 
strips of brass, each 
furnished with screw 
cups, Fig. 316. The 
end of one of these 
strips is oves that of 
the other, and is fur- 
nished with a knob, 
which, being depressed, 

completes the commu- si/mai k 

nication or ci rcui t of the ^*^*^ '^' 

telegraphic line ; but, on removing the hand, the knob rises and 
the circuit is broken by the action of the lever. Thus, by depres- 
sing the knob, as shown by the figure, the signal is given, at the 
other end of the line, that all is ready for communication, and, 
by this means, the telegraphic alphabet is made. 

369. Distance between the Magnet and Battery. — Now, with 
respect to the distance apart at which the temporary magnet 
and writing apparatus and the battery are placed, experiment 
shows that it makes little difierence, with respect to time. Thus, 
suppose the battery is in Hartford, and the magnet in New 
York, with copper or iron wires reaching from one to the other. 
Then, the telegraphic writer at Hartford, giving the signal, by 
means of an alarm-bell, that he is ready to communicate, draws 
the attention of the person at New York, to the apparatus there. 

If now we suppose the letter A is signified by a single dot, 
be at Hartford depresses the key, and instantly, at New York, 
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the soft irou becomes a magnet, and a dot is made on the paper, 
and so the rest of the alphabet. 

The wires are carried through the air by being wound around 
glass caps supported by iron L shaped arms, which are driven 
into wooden posts, about 20 feet from the ground. These posts 
are erected for this purpose chiefly on the railway -lines, firom 50 
to 100 feet apart 

VELOcrrr of elkctbioitt. 

370. The long experience of the officers of the United 
States government on the coast survey, with telegraphic lines, 
have enabled them to measure the velocity of the galvanic cur- 
rent with uncommon accuracy. From experiments and calcu- 
lations thus made, it appears that its velocity is about fifteen 
thoiLsand four hundred miles per second. 

The period of its transit between Boston and Bangor,' was re- 
cently measured, and the result was, that the time occupied in 
its passage, was the one hundred and sixtieth of a second. Ac- 
cording to this experiment the velocity is at the rate of 16,000 
miles per second, which it appears is about 600 miles per second 
more than the estimates made on the coast survey. — Annual 
Scientific Discoveries. 

Telegraphs in the Country, — According to a recent estimate, 
the length of telegraphic lines in the country, in actual opera- 
tion, is not far from 20,000 miles. 

The most remote points in communication are Quebec and 
New Orleans; their distances apart, following the circuitous 
routes of the wires, being about 3,000 miles. 

Number of Stations. — ^The number of towns and villages ac- 
commodated with stations, and from which, therefore, intelli- 
gence by telegraph, from one to the other, or from one to all 
the others, can be interchanged, are between 460 and 600. 

371. Accid^ts on Bail Roads, — Nearly all the rail roads in 
the country are furnished with telegraphic lines and stations, so 
that, in cases of accidents on the road, information of the dis- 
aster can be sent from one part of the country to another in a 
few minutes. On this subject, we record tiie following from a 
source supposed to be correct. During the year 1855, the 
number of accidents in the country, resulting chiefly from the 
carelessness of those employed on rail roads, have been 142 ; 
number of persons killed, 116 ; number wounded, most of them 
badly, 639. About 60 of the killed were employed on the 
roads ; of which, 20 were engineers, and 6 conductors. 



888 



TELEGRAPHIC TAI^IKQ. 



TELBGRAPHIO TALKING. 



372. It is one of the wonders of this age of scientific devel- 
opments, that, instead of writing down, by signs, the language 
of Morse's telegraph, the operator is now guided only by the 
click of the lever, the sounds of which are produced by the 
action of the armature against the temporary magnet. This 
ticking is the telegraphic alphabet, made by the actuary, who 
sends the message, but is not reduced to a written language, as 
formerly ; not a scrap of paper, or a mark of any kind, being 
now employed ; the ear only being the organ by which the at- 
tendant here is guided in writing down the message from abroad. 
To a common ear, this ticking of the lever would convey noth- 
ing more than the dropping of water on a rainy day, and yet, 
there is a scientific arrangement, a system, in the number of 
ticks, and the intervals between them, by which the attentive 
listener, after many months practice, is able to derive a language, 
by which communications on every subject connected with the 
wants, the wishes, and the passions of man, are distinctly and 
definitely made. In addition to communications from a distant 
city, which I saw written down from the ticking of the machine, 
I was informed by the intelligent young gentleman who has 
charge of the instrument, that, between those who had learned 
this art, there was no use for the tongue ; but, that they could 
convey to each other any idea desired, by merely rapping on 
the table with the knuckle. 
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Alphabet. 

A- — 

B 

0-. - 
D — .-- 
E- 
F 

G 

H 

I -- 

J 

K 

L 

M 



Alphabet. 



N 
O 
P 

Q 

R 

s 

T 

U 

V 

W 

X 

Y 

Z 



Alphabet. 
<fe 



Nuiaerala. 
1 

2 

3 

4 

6 

6 

Y 

8 

9 
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The following is a specimen of the language above described, 
by which it Mrill be seen how dots and dashes can be rendered 
into language. We are told that, at least, a year is required to 
become an adept in this art 

Ha veyou sent 



e m o n e 



Remark, — ^It is only on the principal telegraphic routes that 
this method has been adopted. 

house's printing telegraph. 

373. This instrument, one of the wonders of our time, prints 
all communicatdons in Roman capitals, and that much more 
rapidly than the most expert compositor. 

To go into a description of all its parts would probably so 
confuse the mind of the reader, that, in the end, none of it 
would be understood. We shall, therefore, describe only such 
portions of the machinery as are necessary to show how the 
result is produced. 

In the first place, when a communication is to be made from 
one city to another, notice is given, by an electrical current on 
the wires, which occasions a vibration of a part of the machinery, 
and by which the attendant knows that a message is to be sent. 
At every station there is an electrical battery, consisting of 12 
or 14 cups, the power most commonly used being that known 
as Grove's battery, a description of which may be seen in an- 
other place. 

The forms of all visible parts of the instrument are shown by 
Fig. 317. That portion by which the printing is performed 
consists of a soft iron, or electro-magnet, contained in the cylin- 
der, A, of an escapement, B, moved by condensed air, by means 
of the pump, G, above which is seen the band by which that 
part of the machinery is turned ; D is the printing apparatus, 
the projecting portion being the lever ; E is the inking band, by 
which the , type are inked for printing ; F is a strip of paper 
for printing. 

This engine is moved by a boy, who turns the wheel by the 
lever shown, and by which air is condensed by the pump, G, and, 
by the force of which the printing portion of the machinery ia 
actuated. 



HOim's pKinriFO nLiaKAPi. 



Hti^ii Priitlint TVefrapk. 

The action of the electricity in this telegraph is merely to 
produce a correspondence of molJon in the machinery at the 
different enda of the line. All the mechanical results are pro- 
duced by local, mechanical power, connected with the printing 
apparatns at each station, nhere manual force is employed for 
tois purpose. 

374. The letters on th« keys, movine by the touch like those 
of the piano, are the instruments by which the di&rent letters 
are, one by one, printed from one station to the next 'DiuB 
one letter of the 26, on the different keys, will be printed at the 
other end of the line, when that letter is depressed. This ia 
done by converting a piece of soft iron into a magnet at the 
next station, ou the prindple already explained and illustrated, 
in the description of Morse's telegraph, only that the letter, in- 
stead of the point, is made to act or advance. 

This IB a most complicated machine, as a whole, though its 
different parts are eufficicntly simple. The effect, though the 
means are so difficult to understand, is highly curious and inter- 
esting, as it prints Roman capitals at the rate of 150 or 200 
in a minute. This is done on strips of paper an inch wide ; and, 
when in operation, any one may print a sentence, as his own 
name, by touching the keys on which the letters are placed 
which spells the sentence. 
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PRINTING PRE88. 



375. Remarks. — In our last revision, we inseiled some account 
of the art of printing, with the forms of presses used for that pur- 
pose at various periods. But these presses are now so common 
that nearly every village can boast of one or more, so that any 
school boy can see the machine itself and in actual use. We 
have, therefore, thought that it would be a useless expense of 
time, to offer die student the picture of a thing of which he 
can see the original, and therefore have occupied the space, 
formerly reserved for this subject, with more interesting and 
important matter, viz : illustrations of the Qas meter, 

BHARP^S RIFLE. 

376. This is undoubtedly for the purpose designed, the most 
perfect and efficient single instrument of destruction ever in- 
vented ; and of which, we here propose to give such a descrip- 
tion, with illustrations, as to make all its peculiarities readily 
underatood. 

The barrel is about 22 inches long, and the bore of the i ize 
to admit round balls of 32 to the pound; but being elongated, 
or acorn-shaped, the number is only 18 to the pound. 

This rifle loads at the breech, the form of the ball inclosed in 
its cartridge being shown at A, Fig, 318, introduced into its 
place. 

The slide^ B, which takes the place of the breech pin in other 
guns, is a solid piece of steel, represented depressed for. the in- 

F£G. 318. 








Sharp's liifie. 



troduction of the ball. The cone^ E, is that part on which the 
percussion cap, or its substitute, is exploded, and which inflames 
the charge in the gun. 



Hie manaer in vtuch tWbreecIi slide is depressed, will be 
nuderakood b; the section, Fig. 310, wliere D is the lever bj 
which it is drawn down for the iDtroduclion of the ball, and 
then elevated pieparatory to the discharge. The upper and 
anterior portion of the slido, has a cutting edge, seen abore B, 
Fig. 818, which separates the end of the paper cartridge, thus 
exposing the powdeito the action or the percussion priming, by 
which it is inflamed and the gun discharged. 
. 877, The Priming. — The former mode of discharging this 
nS^ was 1^ means of Maj'nard's patent priming, which eon- 
usted of kenieb of percussion powder, inclosed in varnished 
paper. But this mcKie the inventor of the rifle found objec- 
tionable on several accounts, and. especially as it became useless 
on exposure to moisture. 

He therefore invented a new, and an entirety original mode 
of priming, which has been recently patented, and which he 
has allowed the author to figure, and eipl^n for the use of this 
wwk, 

lliis consists of the tnbe. A, Fig. 318, of iron, about the one- 
fiftb of an inch in diameter, and two inches long, called the 



magaztne. In the lower part of this is a spring, above which 
are the priming discs, consisting of thin, round envelopes of cop- 
per, containing the percussion powder, completely protected 
from moisture, so that they may remain under water for hours, 
or weeks, without dam^;e. 

Each tube holds 60 of these primers, one of which is forct-d 
"" against the slide, C, by the spring. When the hammer in 
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drawn to the back notch, the slit, B, working on the arm of ihe 
slide, C, which is fastened to the plate of the lock, draws il 
back from over the tube, A, and admits one of the pewussion 
discs in front of the slide at C, and by which, when die trigger 
is pulled, it is thrown forward, between the face of the hammer 
and the cone, where it is instantly exploded, and the rifle dis- 
charged. 

One of the most singular and curious results of this mechan- 
ism, is, that the percussion disc is struck, as it were, " on the 
wing,'* or while it is flying between the hammer and the cone ; 
and yet it never fails to explode in the proper place and dis- 
charge the gun, let its position be vertical or horizontal. 

378. Practical effects of this Rifie. — ^We have seen this arm 
fired at a target at the several distances of 300, 500, 600, and 
700 yards, being respectively 900, 1,500, 1,800 and 2,100 feet 

The target was a pine board 30 inches square, and by the 
inventor was hit on the average, twice out of three shots. 

By experiments and calculations lately made in France, it 
was found that a man, at the distance of 1,638 feet, appears to 
the naked eye only one-fifth his real size, and therefore, by this 
estimate, a target of 30 inches in diameter, at the distance of 
2,100 feet, appears less than six inches square, a small object 
truly in practice, and requiring an accuracy of aim so minute, 
that the tenth of an inch in the direction of the sight, would 
carry the ball far aside of such a mark, and yet it was pierced 
twice out of three shots. u. 

379. Adjusted Sight, — ^This rifle has an adjusting sight, 
which is elevated, or depressed and fixed, according to the dis- 
tance of the mark. All the shots were made, with the gun in 
the hands, or without a rest, and also, with the striking pecu- 
liarity of being placed on the left shoulder. 

Fatal at the Distance of a Mile. — Although in the above 
trial, the distance was only 700 yards, the inventor has proved 
by experiment, that this rifle throws its ball with a force equal 
to the destruction of human life to the distance of a mile. 

In battle, therefore, the approaching enemy can be effectually 
assailed with this arm, at that distance, the aiih, of course, being 
more and more sure, as the distance diminishes. 

Number of Balls Thrown. — The rapidity with which this arm 
may be loaded and fired is such, that if one ball be sent along 
the surface of water, another may be made to follow before the 
first ceases its motion. 

The inventor loads and fires it ten times in a minute ; but 
estimating that in battle the number of balls 6 red by each sol- 
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di«t would be only six in a minute, then 1,000 men would dis- 
charge 6,000 in a minute, or 360,000 in an hour. 

380. Invention of Ounpotoder. — In Europe, the invention of 
gunpowder is attributed to Roger Bacon, who died in 1292; 
but it seems to have been known to the Chinese long before 
that period. 

The first account of its use in European war, was at the bat- 
tle of Cressy, in 1346, and from that time it superseded, chiefly, 
all other means of destruction on the battle-field. 

Effects of this Invention, — ^There is no doubt but this inven- 
tion has proved a humane — ^a merciful discovery in the art of 
war. 

Before its use, the instruments of death in battle, were the 
barbed arrow, the halbert and spear, various kinds of swords, 
and the war-club. 

The combatants fought hand to hand, each one trying to 
inflict the most cruel tortures on the oUier ; and, indeed, the 
instruments employed, were much better calculated for this pur- 
pose, than for the infliction of sudden and quiet death. 

On the contrary, gun-shot wounds, when not instantly fatal, 
afford a prospect of recovery, while those made by the barbed 
arrow and spear, more commonly portend a miserable death, 
after protracted agony. 

Besides, if we examine the accounts of ancient battles, we 
shall find, that including the carnage on the field, and the num- 
ber who died of their wounds afterward, the destruction of 
human life, where an equal number were engaged, was much 
greater than it was, after the invention and use of gunpowder. 

381. Conclusion. — Although there is no doubt but the use 
of fire-arms, in warfare, has heretofore diminished the horrors 
of the battle-field, this circumstance, as history informs us, has 
had no influence on our species, except to foster an increasing 
desire to render the instruments of death more and more per- 
fect, so that in the day of battle, the carnage should be as sud- 
den and as great as possible. And hence, within a few years, 
great improvements have been made on fire-arms in France, 
England, Germany, and America, all tending, of course, to the 
increase of their destructive effects. 

The inventors of these improvements in the arts of human 
destruction, are by no means considered by political, or even 
by moral and religious writers, as enemies of the human race, 
but are viewed, at least, by many such, as the pioneers of uni- 
versal peace, if^ indeed, fallen man should ever cease to learn 
and practice the art of war. 
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382. Settlement by Arbitration Improbable, — ^The history ot 
man affords no foundation for the belief that national quarrels 
will be settled by the intervention, or arbitration of other na- 
tions, and hence, there can be little doubt, if the moral and po- 
litical condition of the world remain as heretofore, that ^ nation 
will continue to lift up its arm against nation,'' and that the 
day when " man shall learn war no more," is not at hand, un- 
less indeed, it should be by the approach of the millenium. 

Under this view of the case, the only prospect of universal 
and permanent peace, is in such a degree of perfection in the 
art of war, that certain death awaits at least five out of six of all 
who enter as combatants on the field of battle ; and in naval 
war£&re, an equal proportion of ships shall as certainly be 
buried in the ocean. 

Until such a state of things exist, men will continue to en- 
gage each other in mortal strife ; and it is on this account that 
moralists of the present day, look with favor on the improve- 
ments in fire-arms, knowing that the paramount design of all 
such inventions is to render escape more difficult, and death 
more sudden and certain on the battle ground. 

Nor is it probable that the time is far distant, when at least 
ten will fall on the field, where with an equal number of com- 
batants, only one fell 30 years ago ; the result being solely from 
the more deadly power of the fire-arms employed. 

The author having served as surgeon on the frontier, in the 
U. S. Army, in the war of 1812-15, is able to appreciate, in a 
measure, the difference between the destructive power of the 
fire-arms then furnished by the government, and those now to 
be introduced into the army of the United States. 

383. Contrast between Old and New Arm^, — ^To those who 
have examined this subject, and are acquainted with the arms 
employed formerly, and those now going into general use, it 
will not be considered an over estimate to suppose, that 100 
men armed with Sharp's rifles, and Colt's revolvers, would com- 
mit greater carnage, on the battle ground, than 1,000 men 
could do, with the flint lock, government muskets, in former 
use. 

884. Who, indeed, will enlist into a military service when he 
knows that his enemy will oppose him with messengers of death, 
at the rate of 600 per minute, or 36,000 per hour, for every 
100 men, and Uiis at the distance of a mile, or less ; and wiUi 
the same number of such messengers, in half that time, when 
within any distance between 20 yards, and the reach of the 
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bayonet ; which will be the case when armies are supplied with 
Sharp's rifles, and Colt's revolvers. 

From such sources only, according to the present aspect of 
the nations of the earth, can we look for permanent peace. 

colt's bkpbating pistol. ' 

385. This celebrated fire-arm has been brought to its present 
degree of perfection, only after years of experience, trial, and 
invention, by the original patentee. Col. Samuel Colt, of Hart- 
ford, Conn. 

An account of this weapon is introduced here, as an inven- 
tion with which all the civilized nations of the earth, are now, 
or are soon, to become acquainted. 

As Americans, therefore, we are bound to know something, 
at least, of the history and mechanism of so important an 
invention. 

The examination and trial of Colt's revolvers at the World's 
Fair, and the award passed upon them there by the best judges, 
and the most experienced military men of the age, are ample 
and sufficient proofe that this, for the purpose for which it is 
designed, is the most efficient and perfect fire-arm ever invented. 

The immense demand for the article in foreign countries, as 
well as in our own country, evinces, also, that no substitute 
exists for this weapon. 

About 400 artificers, we understand, are employed in their 
manufacture, which number, it is stated, is to be increased to 
1,000, in order to supply the demand. 

The United States government have adopted Colt's repeat- 
ing pistol, as the best weapon known, for mounted men, both 
for offensive and defensive use. And in the Mexican war, no 
officer who could obtain a revolver, ever went a day without 
one, and those who could not, often considered their lives in 
peril, in consequence. 

386. In 1851, the President of the United States m a mes- 
sage to the Senate, states, that 

"Such is the favorable opinion entertained of the value of this 
arm, particularly for mounted corps, that the secretary of war 
has contracted with Mr. Colt, for four thousand of his pistols," 
without waiting a special appropriation of Congress. This 
contract, of course, was confirmed by the Senate. 

Such is considered the importance of this arm as a weapon 
of defence, that the military committee of the House of Rep- 
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resentatives, recommend that it should be furnished to emi- 
grants, as the following shows. 

" We, the undersigned, members of the military committee 
of the House of Representatives, understanding that an appli- 
cation is pending before your committee, favorably commended 
by the ordanance department, for the purchase of a suitable 
number of Colt's, pistols and authorizing the department to 
furnish the same to emigrants at government prices, and to de- 
liver the same to the States, under the act of 1808, for arming 
the militia, recommend the same to your favorable considera- 
tion, and believe that such a clause in the army bill would be 
desirable and proper." 

Signed by the committee, nine in number, January, 1851. 

387. Description of Coifs Pistol — Why these arms are 
called revolvers, and by what means they are made the most 
efficient of fire-arms, for certain purposes, will be understood 
by Fig. 320, and the following explanation. 

The letters by 
which the principal fig. 330. 

parts of the pistol 
are denoted, are the 
following, as seen on 
the cut. The barrel, 
B, is from three, to 

eight inches in length 

according to the size cow.; ptstoi. 

and design of the 
pistol. The cylinder, ^Q^ is the part which revolves, and from 
which the arm takes its distinctive name. The mechanism by 
which the rotary motion is performed, can not be shown by a 
single figure. The cylinder is pierced with six apertures, called 
chambers, each of which, when ready for action, contains a 
charge of powder and a ball. Caps are then put on the tubes, 
corresponding to each charge, and now the arm is ready for the 
discharge of six balls, as rapidly as the hammer can be drawn 
to the back notch and the trigger pulled. 

The hammer, H, being drawn back to where it now stands, is 
made to strike, with its face, the cap on the tube, by which it 
is exploded, and the pistol discharged. Then on drawing the 
hammer back for another discharge, the mechanism makes the 
cylinder revolve one notch, by which the next cap is brought 
under the hammer, and by pulling the trigger, is discharged, 
and so of all the other t!harges. The trigger requires no expla- 
nation, being in all fire-arms the same. The ramrod, R, is con- 
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nected with the lever, L, by the united action of which, the bal] 
is pushed down the chamber to the powder. 

388. Having explained the references, we will give the 
inventor^s own directions for loading, <kc. 

^ Draw back the hammer to the half notch, which allows the 
cylinders to be rotated ; a charge of powder is then placed in 
each chamber, and the balls, without wadding, or patch, are 
put, one at a time, upon the mouths of the chambers, turned 
under the rammer, and forced down with the' lever below the 
mouth of the chamber. This is repeated until all the cham- 
bers are loaded. Percussion caps are then placed on the tubes, 
when, by drawing back the hammer to the full catch, the arm 
is in condition for a discharge by pulling the trigger ; a repeti- 
tion of the same motion produces like results." 

When this arm is prepared, therefore, all that is required in 
defence, or in action, is to draw back the hammer, and pull the 
trigger, until the six balls are discharged, which is done in less 
than half a minute. 

QAS METER, OR UEASURER. 

It is known to those who burn gas that a little tin box, hav- 
ing three faces like those of a clock, is placed in the cellar, and 
that by this, the agent ascertains how much gas has been used, 
and brings in his bill accordingly. Sometimes these meters 
are examined once a month, and then again only once a quar- 
ter, and yet the agent decides at once how many cubic feet of 
gas has been used since his last visit. 

By what sort of mechanism contained in the little box, such 
results can be produced, has always been, and continues to be 
a mystery in the minds of those who have not examined the 
subject. Nor will any explanation by diagrams, or even the 
inspection of the meter itself, make the matter satisfactory 
without more time and patience than most people are willing 
to bestow on the subject. 

We have, therefore, devised* the plan represented by Fig, 
321, as the most simple means of showing on what principle 
the meter acts. The meter itself is a more complex machine, 
but any one, by a mere inspection of the diagram, may see in 
a moment, that no difficulty exists in measuring the quantity of 
gas which passes through the water. 

Suppose, then, that 1 and 2, Mg, 321, represents a tin ves- 
sel, 8 by 12 inches, filled with water up to C, and that in this is 
suspended, by an iron wire passing through the opposite sides of 



tbe box, a revolving wheel, consisting of compartments, or buck- 
ets of tin. A, B, C, of which the Ing. shows a transverse sec- 
tion. The buoketfl are cioeed at each end, but open through 
their lengths, their forms being that of inclined planes, increas- 
ing from the center, as shown by the figure. These compart- 
ments are supposed to hold the eighth of a cubic foot each, 
and to be eig-ht in number, so that one revolution will indicate 
a foot of the gas, as it passes through. 

.The gas is aJmitted, under the pressure of the gasometer, by 
the tube, 3, and passing down, rists through the water into the 
compartment, A, which, \>y its levity it r^ses to C, where it 
escapes into the box above the water, and passing out by the 
tube, 4, goes to the burner. 

Meantime, the revolution of the wheel brings the several 
compartments over the end of the tube, and being each filled 
with the gas, it is discharged, and passes to the burner in a 
continued stream. 

And now suppose that to the axis of this vheel, clock-work 
is attached, which shows the number of its revolutioaa, each 
indicating a cubic foot of gas, then the mystery of the gaa 
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meter is explained, at least, so far as its principle of action is 
concerned. 

But, in the real meter, the three faces with their hands, 
placed on the upper portion of the box, indicate, in connection, 
the quantity of gas which has passed through the machine. 

The indices of these faces are connected with each other, 
and with the prime mover, by means of very delicate clock- 
work, and by which, we will suppose, that No. 1, by the con- 
stant action of the wheel above described, is made to revolve 
once in 24 hours, during which time the hand of No. 2 passes 
from to 1. Thus, 2 would revolve once in 8 days, while No. 
3, during that time, indicates only a movement from to 1 , thus 
performing one revolution in 8 weeks ; and thus it is obvious, 
that by a simple inspection of No. 3, once in 8 weeks, the 
quantity of gas consumed would be known. 

Manufacture of Coal Gas. — Nearly every city in our coun- 
try of any considerable size, is now lighted with gas, the che- 
mical name of which is carburetted hydrogen. Formerly this 
gas was made by the distillation of whale oil, in iron retorts. 
At present, it is, we believe, exclusively made by the heating 
of bituminous coal, in large iron retorts, or cylinders,.set in fire 
places of brick. 

These retort-cylinders are six, or eight feet long, placed side 
by side in the furnace, and after the coal is put in, and before 
the fire is applied they are made air-tight by means of a door, 
and cement at the outer end. At the inner end there is an 
opening for the escape of the gas, as it is developed by the heat 
of the retort, and from which it passes through iron pipes into 
a large tube called the hydraulic main^ which is half filled with 
water, and through which the gas passes, and into which its 
impurities are deposited. 

The gas then passes underground to the lime-purifier^ where 
it is further purified by passing through a mixture of lime and 
water. 

(As these processes have no peculiar interest for the student, 
we have omitted the illustrations.) 

The gas is now fit for burning, and the next operation con- 
sists in conducting it to the gasometer, by the pressure of which 
it is sent to every part of the city, where it is wanted. 

The gasometer, Mg. 322, is of a size in proportion to the 
number of burntrs expected to be furnished with the gas, some 
being only 20 or 80, while others are 60 or 80 feet in diameter. 
They are made of sheet iron, painted, open at the bottom, and set 
in a tank of water, ten or fifteen feet deep in the ground. This 



tank, made of brick, is cemeated, so as to be water-tight on the 
inside. 



luto, or under this great vessel, the gaa is admitted by a 
tube from the purifier, A, Fig. 322, where, rising up through 
the water, it htU up, with the assistance of the weight seen in 
the cut, the gasometer, untjl its lower edge is near the surface 
of the water. 

When the gas b wanted, a atop-cock is turned, and the pres- 
sure of the gasometer sends the gas through the tube, C, and 
so out at B, and thence to ali places where it is burned. 

The tnbes of cast iron, through which the gas is sent, are 
from a foot, or more in diameter, gradually dimmishing to two 
or three inches, and are laid two or three feet underground, 
through the streets. From these the gas is conveyed in small 
tubes to the houses, where it is burned. 



This great project was carried into effect in 1851, The 
distance across the Straits of Dover, to the French coast, where 
the wire is laid, is 21 miles. It was constructed and laid down 
in the following manner ; — 

1. Three copper wires. No. 16, wire guage, were each sepa- 
rately covered with gutta percha of a quarter of an inch in 
thickness. These wires were then twbtwl together in form of 



an ordinwy rope. This copper and gntta percha rope was 
next oovered with hemper yarn, previously saturated with a 
hot composition of pitch and tallow, the whole being carefully 

twisted, and compressed, and made to envelop the gutta percha 
with the force of steam machinery. Over this is another series 
of saturated hemper yarn, an inch in thickness, five or six coils, 
firmly encircling each other. Thus the gutta percha protects 
the wires, while this is protected by half a dozen coib of hemp 
rope. This completes the first coating. 

2. Over, and eiubrncing this, is a complete spiral covering, 
consiatingof twelve galvanized iron wires, about the size of a lead 
pencil. This metallic sheathing is to protect the interior from 
the action of the rocks and sand at the Iwttoin of the sea, and 
to increase the weight so that it will temtua fixed" in its place 
under the water, during storms. 

The appearance of the cable thus covered with a coat of gal- 
vanized iron, is quite lustrous, silvery, and beautiful. 

Telegraph from Europe to the United StaUa. — The great 
project of laying the lolegraphic wires from Cape Ray to Cape 
North, thus forming a union between Europe and America, by 
which messages may be Bent from one, to another quarter of the 
globe, in 4 minutes, instead of two or three months, as was 
anciently the case, has thus far signallv' failed in consequence 
of a storm, by which the telegraphic cable was necessarily sepa- 
rated, leaving 40 miles of it at the bottom of the ocean. The 



whole U-ngth of this cable, made as above described, was 74 
miles. It was manufactiire<l by the Gutta Percha Company, 
city road, London. 

Having a piece of this cable in our possession, we have had 
the cross section A, Fig. 323, and the external covering of 
galvanized iron, B, each of the true size, engraved from it. 



MachiDes for sawing ice, are of great importADce id Ibe 
Northern Seaa, since the lives of the crew Bometimes depend 
on the eipedition with which the ship can be relieved from Uie 
iey barrier by which she is surrounded. On this account the 
ships employed iq the Greenland fisheries are always furnished 
with saws fitted up with machinery for this purpose. 



One of the best of these machines is represented by Fig. 324, 
which gives a side elevation of one half of the carriage by 
which it is moved. A A, is the frame resting on the ice ; B, 
the lever by which the saw is worked, and the machine moved 
forward. C, the propeller, an iron bar of the shape seen, with 
the lower end divided into claws, lo catch hold of the ice, and 
which it is made to do by the weight, D. The saw also has a 
heavy weight of iron, in order to draw it down and lift the lever. 
The machme consists of two such frames, aa represented, firmly 
attached at the distance of two feet apart, and between them 
the saw lever and propeller. 
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Action. — ^The two weights, of coarse, are placed below the 
ice, then, on lifting the lever B, the saw goes down, and the 
propeller takes a step forward, by means of which, on depress- 
ing the lever, the machine is carried forward, again placing the 
saw in contact with the ice. This appears to be a very simple 
and complete machine for sawing ice, whether at home, or in 
the Northern seas. 

ADDENDA. 

Sometime after the discovery of the planet Neptune, Mr. 
Lassel, of Liverpool detected an attending Satellite belonging 
to that planet, about the size of a star of the fourteenth magni- 
tude, and Mr. Bond, of Cambridge, thinks that he has discov- 
ered a second satellite, more dim and distant than the first. 
(See Neptune.) 

With respect to the exact number of the heavenly orbs, we 
are not quite certain, it being reported that several have been 
recently discovered, but of which we have no certain informa- 
tion. For these, if any, the student must wait the next revision. 
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level, 106, 115 

refraction by, 232 

raising of, 128 

pipes, 127 

pumps, 163 

ram, 137 

weighing ice, 117 

wheels. 134 

Weight, what, 25, 48 

in water, 117 

Wheels, system of, ... . 84 

Wheel, revolving, 46 

fly, 185 

overshot, 134 

breast, 135 

undershot. 135 

Wheel and axle, 79 

revolution of, ... . 46 

rotation of, 367 

Wedge, 95 

Whispering gallery, . . . 211 
Wino instruments, .... 216 
Wood, tenacity of, ... . 24 

Wind, what, 222 

trade^ 223 

velocity of, 225 

Windlass, 81 

modified, 82 

Z 

Zodiac, 988 

fignresof 890 
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